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(•ertcbrates; Student’s Textbook of Zoology bv S^gnek, 
book of Zoology by Parker and Haswell; General Zoology by 01 
The Invertebrate Zoology by Hegner ; College Zoology by VUcncr 
Comparative Invertebrate Zoology by Ling The mtit nu 
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Most of the illustrations have been takenrom authoritative 
sources, which in such cases, have been mcntioncd.Somc illustrations 
arc diagrammatic conveying the idea of structure a functions. Some 
diagrams have been drawn from actual spccimc obtained from the 
Museum of the Department of Zoology, the Univjty „f Allahabad, 
and from actual dissections by the author or his stunts. 
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ARTHROPODA 



' ANCESTRAL PROTOZOA 


INTRODUCTION 


The Invertebrates. The Invertebrates are those animals that have 
no internal bony skeleton, no vertebrae or backbone. They include 
95 per cent of the entire animal kingdom. Aristotle was the first to 
recognise the invertebrates from the vertebrates or those animals 
that possess a vertebral column and internal bony skeleton. But his 
classification was different. According to his definition the vertebrates 
were the animals with blood and the invertebrates were those 
without blood. The correct distinction was finally recognised by 
Lamarck and Cuvier. Arising from primitive flagellates; animals 
have evolved into a bewildering variety of forms of ever-increasing 
complexity of structure. The number and kinds of animals arc diverse. 
Some are represented by enormous numbers and others are extremely 
scarce. The following figure gives the approximate numbers of the 
principal invertebrate phyla. 
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protoplasm. Respiration is a destructive chemical process by which 
food is burned in the release of energy. Excretion is the separation 
from the living protoplasm of the waste products of assimilation 
and other chemical activities. Finally, reproduction is the production 
of the new individuals to take the place of the old ones. Reproduction 
is an activity not to maintain the life of a particular individual but 
to maintain the race. 

Unity of Life. Although animals occur all over the earth 
in every conceivable environment yet they arc fundamentally alike in 
structure and function. These principles of fundamental unity in 
structure and function have been discovered through a comprehensive 
study of animal life in general, which evidently leads one to realise 
that in spite of great variation in the adaptations, with which animals 
meet different environments, all the animals have originated from some 
common stock. 

The Organismal Concept. Either as a single cell or as a group 
of cells the individual animal behaves as a unit . It has organisation, 
the parts arc subordinate to the whole, whether they arc parts of 
cells or whole cells. This is one of the most important concepts 
of biology. 

An organism, whether onc-ccllcd or many-cellcd, may exist as 
a separate individual or as one of an aggregate or group, more or less, 
dependent upon each other. Such a group is cJ.led a colony. It 
should be noted that a colony of unicellular animals is comparable to a 5 
colony of multicellular ones, and not to a single multicellular organism. 
It may be true that in some colonies, however, the subservience of 
individuals to the needs of the whole colony is so pronounced that the 
whole colony may reasonably be considered one organism. 

Polymorphism. Social animals in a colony may be specialized 
for different work, such as reproduction, protection *nd work, as in the 
colony of ants or termites. The conditions in which aifferent individuals 
of the same species are specialized for different functions is polymorphism — 
having several different forms. Even in non-colonial animals polymor¬ 
phism occurs, e.£., within some species of butterflies there co exist indivi¬ 
duals which mimic other species and other individuals which do not. 
Dimorphism of two sexes is exactly analogous. 

Symmetry. Some animals are asymmetrical, but others may 
possess spherical, radial, biradial or bilateral symmetry to a greater 
or lesser degree. This refers mainly to the external form. Many 
internal organ-s/stems of an externally symmetrical animal may be 
asymmetrical. Spherical symmetry is the symmetry of a ball. Any 
section through the centre divides the organism into symmetrical 
halves, e.g. t certain marine rhizopods. Radial symmetry is the 
symmetry of a wheel as found in jelly fish and other coelcntcrates. 
Biradial symmetry is the symmetry of an oval. Only two sections, 
vertical ones at right angles to each other, divide the organism into 
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symmetrical halves, there is only one axis—the oral-aboral axis — 
whose poles differ from each other. Ctenophores like sea-walnut or 
comb-jelly furnish examples of this type. Bilateral symmetry is the 
symmetry of a plank in which the two ends differ. Only one section, 
a vertical, one in the longitudinal axis, divides the organism into 
symmetrical halves, there are two, dorso-ventral and anteroposterior, 
axes whose poles differ from each other. Such a symmetry is exhibited 
by animals from earthworm to man. 


Metamerism. Several groups of animals are characterized by, 
more or less, complete segmentation of the body, in other words, there 
is a linear repetition of body parts. This condition is known as metamer¬ 
ism each segment being a somite or metamen. The segments may be 
essentially alike (homonomous, e.g . 9 in earthworms) or dissimilar 
(hctcronomous, e. g. t in insect). Segmentation may be both external 
and internal (earthworms) or only external (arthropods). 

Coelom. In the more advanced triploblastic animals a cavity 
develops within the mesoderm lined with mesoderm. This is the true 
body cavity or coelom. The higher phyla (Bryozoa to Chordata) possess 
such a cavity. In Mollusca and Arthropoda the coelom is reduced very 
much and blood circulates in its spaces and as such is known as baemocoel. 
In Entoprocta and Aschelminthes the coelom is pseudocoe! y as it is not 
lined by mesoderm and really speaking it comprises the original blastocoel 
that persists throughout life. 


Reproduction. Animals reproduce either by asexual or sexual 
means. In asexual reproduction the unicellular animals simply divide 
into two equal offspring by a simple process called fission. In some 
cases one individual may give rise to numerous offspring, either by 
dividing into many spores or by producing numerous buds y simple 
outgrowths that grow into complete individuals. Many-ccllcd animals 
also reproduce asexuaUy generally by forming buds. I n others individuals 
may develop from the fragments of a parent that has broken into pieces; 
they may develop resistant structures formed in an animal’s body before 
the onset of unfavourable conditions, gemmules of fresh-water sponges 
or statoblasts of fresh-water Bryozoa. 


In sexual reproduction two mature reproductive cells, gametes , 
fuse to form a sing c cell, the zygote. The gametes develop in parents 
of different «*, male and female. The male gamete is a sperm cell or 
* nd th ' “ 8 ame,e « an egg cel! or ovum. Each gamete 
?he ,3 i ’r a,uraUon ******* in an organ called 

while the 8 S n? 15 a ? d “ s matur a'i°n is spermatogenesis, 

,? 0nad " ° v “y and lts maturation is oogenesis The 

the end product 
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logics of sexual reproduction arc found in certain reproductive processes 
of Protozoa as, for instance, conjugation. 

Variation in Reproduction. Metagenesis is alternation of genera¬ 
tions, a method quite characteristic of plants. In this, an alternation of 
a sexually reproducing generation with an asexually reproducing gen¬ 
eration takes place. Metagenesis occurs in some parasitic flatworms. 

Parthenogenesis is reproduction through the development of un¬ 
fertilized egg. In some insects and rotifers it is a constant and normal 
method of reproduction, or it may alternate with sexual reproduction. 
Scientists have succeeded in bringing about artificial parthenogenesis by 
chemical or physical methods in many species of animals. 

Paedogenesis is reproduction by larval or immature forms. In a 
few instances larvae or pupae arc capable of parthenogenetic reproduc¬ 
tion. Examples of this type are found in insects like Mi as tor, liverfluke 
and axolotl or tiger salamander (vertebrates). 

Polyembryony is the production of two or more embryos from a 
single egg by gemmation. This process is only known in a few groups 
of animals, it occurs in parasitic hymenoptcra. 

Egg-cell and Cleavage. The nucleus of egg-cell is usually 
eccentric being on the side which gives off polar bodies. This is the 
animal pole. The cytoplasm is concentrated towards this side and the 
yolk nearer the opposite pole, the vegetatiie pole. Egg with small 
quantity of evenly distributed yolk is homolecithal. If this is large in 
amount and concentrated toward one pole the egg is tehlecithal. In 
insect eggs the nucleus with a little cytoplasm lies in the yolk which 
is central, the whole being surrounded by a layer of cytoplasm. Such 
an egg is centrolecithal. The cleavage (cell-division) pattern of the egg 
depends on the quantity of yolk. In the homolecithal egg the cleavage 
may be equal and total or entire, the cells formed being completely divided 
and of about equal size. In the second case (tclolccithal) the cleavage 
may be confined to a disc-like region at the animal pole and is called 
discoidal. In the centrolecithal eggs the cleavage is superficial, that is, 
it is confined to the surface extending all over the egg. Entire cleavage 
is termed holob/astic, whereas, the discoidal or superficial cleavage is 
meroblastic. In some the fate of the cells can be determined at a very 
early stage and the germ cell is segregated from the beginning. Such a 
development is of determinate type. 

Embryology. Ordinarily embryology is considered the process 
of development from the fertilized egg to a stage approximating the 
adult condition, e.g. t to hatching in birds or birth in mammals. Fertili¬ 
zation awakens the egg into a wonderful state of activity. Carrying 
with it the combined hereditary factors present in the conjoined nuclei 
it starts to divide actively and with great rapidity into daughter cells, 
each of which in turn repeats the process and hands on the stimulus to 
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its descendants. Consequently a cluster of cells resembling a mulberry 
is formed. This is the morula. Continued multiplication or cleavage 
results in the formation of a hollow ball of cells the blastula its cavity 
being blastocoel or segmentation cavity. 


More rapid division of cells at animal than at vegetative pole results 
in an inpushing or invagination of cells near the vegetative pole consequent¬ 
ly the blastocoel is reduced and a double layered ball of cells is formed. 
The cavity of this is the gattrotot! or anbtnttron that opens to the outside 
by blastopore. The two surrounding layers arc tcioihrm (outer) and 
tnaodtrm (inner). In some animals invagination docs not occur but the 
endoderm is formed by delamination, an internal layering-off from the 
ceils ot the blastula. In others the actively dividing mitromtrts encroach 
u P.° n , th ‘to form two-layered condition. This process is 
The ,hlrd g etm or mtsodtrm appears between ectoderm and 
endoderm where some cells proliferate to form a layer of cells, occupy¬ 
ing the segmentation cavity. 


Geological Time Scale. The solid crust of the earth is about 
fifty miles thick. Whether in its earlier stages this was smooth or 
rough is not known, but at one period the earth was an unfurnished 

mat'er afs CV °' d ° f Stra '. lfie<l , rocks ' " a ' cr ' P'ants and animals. The 
materials now composing this crust arc rocks of mineral mailers of 
various kinds, as granite, coal, sands,one, chalk and clay, “ are 
hard, others soft, but geologically all are rocks. Some, such as sand¬ 
stones and lime-stones, always occur in parallel layers termed strata 

s'trar f T y i" flat ’ slope or bc bent in, ° arc h-like folds. These 

wXm d S OC n! ‘ onta ' n / os>,ls and . «hus, are important for our purposes 

fml t. S V 7 ") firS * no,,ced thaI 'he scries of animal and plant 
fossils succeed one another in regular order. P " 

, iT hC B eol ?g |Cal bmc has been divided into six erai, the end of earl, 
marking the time of some significant geological change Fach of n,- 
eras ,s divided into shorter periods or ,paths The firs ZL ' hC 
a Z oic is the one with no evidence of living organisms It markl 
origin of the earth from the sun and lasted foroverTcoo L o 
(an estimate based on several lines of evidence! >' cars 

appeared in the next era called arcL^o, buUeft U ^0^°^ 

organisms were simple onc-celled plants and animals The 
known as the prottroyic. In thU era also fossUs , re Z" ^ era “ 
preserved, but ,t is presumed that most of the invertebrate a " d P oor| y 

have evolved during this period This * r V phy,a must 

Cd by the fact thafin periodI foUowiSHK" ***“««*«""- 
fossils of nearly all invertebrate phvla TriUh!! a", abunda n« of 
numerous. This period is knownas' b «chiopods are 

(*** ^ "he paleozoic Tie iXtin is foil ” .f P k 0ch ° f ,he 

having peak of invertebrate dominanc™ LL' 0 "' Cd b >' •"****• 
known for first great coral reefs hrarhi™^ n c , omcs next and is 
to decline and first land invertebrates begm to 11 pCak * tT ^ ohltes be g i n 

“ ot by s.s^r:„ d 
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Devonian shows decline of trilobites, abundance of molluscs and first 
crabs and land snails. Carboniferous is known for insects and decline ot 
brachiopods and permian presents modern insects, last trilobites and 
eurvptcrids. The msoezoic era includes three periods tnassic showing 
decline in number and importance of marine invertebrates; jurassu in 
which modern crustaceans appear and ammonoids arc abundant, and 
cretaceous known for extinction of ammonoids. Lastly comes the ceno^oic 
era of recent life. It includes two periods, tertiary noted for the appear¬ 
ance of modern invertebrate types and quarternary with arthropods and 
molluscs most abundant and all other phyla represented well. 


Ecological Distribution. Obvious major divisions ot environ¬ 
ments are salt waters, fresh waters and land. Salt waters include oceans, 
seas and bays and cover approximately 71 cent of the earth providing 
extensive and stable habitats. Some marine animals are 
those that float on the surface and arc moved passively by winds wavcs 
or currents and are naturally of small to microscopic size. O hers arc 
nektons , i.e. they swim freely by their own efforts. Both hcsc t yP cs ^ 
referred to as pelagic. Strict bottom dwellers arc known as benthos. Some 
animals may be found between the tide lines and arc termed littoral or 
shore forms- others are found below tide lines to depths of a ^ t I0 ° 
fathoms (600 feet) and are called nentir ; those that live at depths of 
600 to 6000 arc called ba/hyal and abyssal is the name given lhoS ® 
found below 6,000 feet. Fresh waters arc scattered of lesser depths and 
volume and have more variable temperature. Freshwa ers ma> be 
running waters such as rivers or standing waters such as lakes. 


Land is the third habitat of animals. The life on land is 
terrestrial. The land presents interaction of many physical, climatic 
and biological factors which produce a variety of ecological conditions 
for the inhabitants on islands or on continents. Forests including 
evergreen coniferous forests, broad-leaved deciduous forests, tropical 
rain forests, tundras, grasslands (prairies), sagebrush, deserts, mountains, 
etc., arc various land habitats which influence the animal lives in various 


ways. 

Animal Classification. For a proper study of the enormous 
number of animals inhabiting the world some means of grouping them 
scientifically is necessary. I n fact Biological Science made little progress 
until it was realized that animals must be grouped according to their 
fundamental similarities in structure. The branch of zoology that 
devotes itself to such a study is called classification or taxonomy or 
systematics. 

The scheme of classification begins with the conception of the 

SDecies (plural also species) which may be defined as natural population 
Sm, which has a heredity distinct from that of any other group 
and the members of which breed only with one another to produce 
fertile offsprings, moreover, the species usually has a geographic range 
separate from related groups. Two or more species having certain 
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characters in common are grouped together as a genus (plural genera), 
bach species is then named by a combination of a generic and specific 
name, as Amoeba proteus and Amoeba Mia, etc., Amoeba being generic 
name and troteus and M/a specific names of two different species. Now 
no other kind of protozoa, or indeed no other animal, hasthese two 

Th?A S T f t0 ,l> S ° th2t lhCy dislin 8 uish « frum all other animals. 
i nis s> stem of giving two names to an individual is called the Binominal 
system and owes its inception to Linnaeus. 


Genera having certain common characters arc united into a family; 
similar families with certain degrees of resemblances arc grouped into 

or divuVon^'VC 10 2 C u aSS and CUSSe 1 S inl ° phy,a ( sin 8 ular Phylum) 
Thus, the taxonomic divisions for a natural grouping 

are species, genus, family, order, class and phvlum, but often many < thc-r 

a v ion\nd'.: mpl0 .!’ e r d USUa,ly f ° rmCl1 b V I **** "«*" for 7 lower 
fleets 8 . u P* r . fora higher division. Biologial classification rc- 

the oraan sm °a f r rh° 7 ° nary re ' 1,ionshi P f * since ,hc "»** closely related 
The system of r !ss y fi , SCCnt - the , more ,eaturcs thc >' have in common, 
and more is learn, “ ■ Iway * S J ub ' L eCt to as more 

asar-a. * s - biochemicai and 

The scheme of classification adopted in this book is as follows: 

Kingdom Animalia 


I Sub-kingdom Protozoa 

Phylum Protozoa 

II Sub-kingdom Metazoa 
Branch A. Mcsozoa 

Phylum Mcsozoa 
Branch B. Parazoa 
Phylum Porifera 
Branch C. Eumetazoa 
Grade I Radiata 

Phylum Coelenterata 
Phylum Ctenophora 
Grade II Bilateria 


Acoelomata 

Phylum Platyhelminthes 
Phylum Nemertinea 
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B. Pseudocoelomata 

Phylum Acanthocephala 
Phylum Aschelminthes 
Phylum Entoprocta 

C. Eucoelomata 

1. Schizocoela 

Phylum Bryozoa or Polyzoa 
Phylum Phoronidea 
Phylum Brachiopoda 
Phylum Annelida 
Phylum Arthropoda 
Phylum Mollusca 

2. Enterocoela 

Phylum Chactognatha 
Phylum Echinodcrmata 
Phylum Hcmichordata 
Phylum Chordata 


PROTOZOA— 

THE ACELLULAR 
ANIMALS 


1 


The Protozoa (‘first animals’—Greek, protos , first +%oon t animal) 
are the simplest and most primitive animals. They are often defined 
as unicellular, but this name appears to convey a wrong sense 
because the Protozoa arc not loose cells moving about. They arc 
complete organisms that may be more complicated in construction 
than the simplest Metazoa. It is preferable, therefore, to call the 
Protozoa as non-cellular or acellular animals rather than unicellular. 
Thus, the Protozoa arc acellular animals whose body substance is not 
partitioned into cells. They exist singly or in colonics consisting of 
a few to many individuals. Differentiation of the body into specialized 
parts may be complicated, but since the parts arc not formed from 
separate cells they arc called organelles in contrast to organs of 
higher animals. 


General ’^Characters. The Protozoa arc very small 1 microscopic 
animals comparable with a single animal cell, but all the functions of 
life arc performed directly by their relatively undifferentiated proto¬ 
plasm. In some cases, however, a remarkable degree of functional 
differentiation is attained. Such differentiations take the form of 
cilia and flagella for locomotion and food capture; contractile fibrils 
for ‘body’ movements; surface differentiations and skeletal secretions 
for protection and rigidity of shape; organelles of attachment in 
parasitic forms and sensory receptors such as photoreceptors and 
sensory bristles for co-ordination. They occur throughout the earth 
and live in water (both fresh and salt) and damp places, but many 
can endure dryness for some time. Some live as external or internal 
parasites of different groups of animals. Most of them feed on small 
plants or on other Protozoa or on debris, and the parasitic ones live 
on the tissues of hosts. No respirator)- differentiation is found and 
the presence of an excretory system is debauble. Reproduction is 
s«ual or asexual. Asexual reproduction occurs by fission (Amoeba 

blend SOSma " !° ,iie ,ha ' 1 d °'en may inhabit one red 

microns or/I (one ft-1/1000 

Porosporc gigpntta, is known to as much as 8 16 mm. Ion*™'* 3 ,por020aQ * 
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and other protozoans), budding (Suctoria) or multiple division 
(Sporozoans). Sexual reproduction is widespread and takes place 
by fusion of gametes (some Flagellata, Foraminifera, Sporozoa, etc.) 
or by conjugation (Ciliata). Nlanv forms have complicated life- 
histories (Malarial parasite), with alternation of sexual and asexual 
generations and some degree of embryonic development. A few types, 
instead of remaining single individuals, form by division or by bud¬ 
ding, loose colonies taking an apparent step towards Metazoa, but 
never forming differentiated tissues. 

More than 30,000 kinds of Protozoa arc known, and as indivi¬ 
duals they far exceed all other animals in numbers. On the basis of 
the structures they possess for locomotion the Protozoa are divided 
into five classes: (1) Mastigophora, or flagellates, with one or more 
whip-like flagella; (2) Sarcodina, or rhizopods, with pseudopodia ; 
(5) Sporozoa, with no locomotor organelles due to parasitic mode of 
life they lead; (4) Ciliata or ciliates, with cilia throughout life ; and 
(5) Suctoria, with cilia in the young and tentacles in the adult 
stages. Of these the rhizopods were formerly considered as the most 
primitive, but now the Mastigophora are placed at the bottom of the 
animal kingdom. It is universally accepted that the rhizopods are 
derived from the fligcllatcs. The ciliates present most specialized 
structure and the sporozoa arc probably simplified in structure 
because of their strictly parasitic life. Under natural circumstances 
the rhizopods present the simplest of forms, therefore, the Sarcodim 
arc discussed first. 

PHYLUM PROTOZOA 

Class I. Sarcodina or Rhizopoda 
order 1. Lobosa 

order 2. Foraminifera or Thalamophor.i 
order 3. Hcliozoa 
order 4. Radiolaria 
order 5. Mycetozoa 

Class II. Mastigophora 

Subclass (i). Phytomastigina 
order 1. Chrysomonadina 
order 2. Cryptomonadina 
order 3. Phytomonadina 
order 4. Uuglenoidina 
order 3. Chloromonadina 
order 6. Dinoflagcllata 
Subclass (ii). Zoomastigina 

order 1. Protomonadina 
order 2. Polymastigina 
order 3. Hypermastigina 
order 4. Rhizomastigina 
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Class III. Sporozoa 

Subclass (i). Telosporidia 
order i. Gregarinida 
order 2. Coccidia 
order 3. Haemosporidia 

Subclass (ii). Cnidosporidia 
order 1. Myxosporidia 
order 2. Actinomyxidia 
order 3. Microsporidia 
Subclass (iii). Sarcosporidia 
Subclass (iv). Haplosporidia 
Class IV. Ciliata 

Subclass (i). Protociliata 
Subclass (ii). Euciliata 

order 1. Holotricha 
order 2. Spirotricha 
order 3. Peritricha 
order 4. Chonotricha 
Class V. Suctoria 

CLASS SARCODINA OR RH 1 ZOPODA 


Definition. The Sarcodina (Gr. sareodes , fleshy) arc “naked’* 
or shell bearing Protozoa in which pscudopodia serve as the sole 
means of locomotion and ingestion of food at least during the 
predominant phase of life-history. 


General characters. The sarcodincs arc protozoans in which 
the differentiation of the body is rarely carried to an advanced degree. 
The rhizopod body is without any antcro-posterior organisation as 
it is mostly irregular in form devoid of any symmetry- or exhibits 
spherical symmetry. In most eases (generally where the body is not 
spherical) the body form keeps changing constantly. In other forms 
the shape of the body depends upon the form of the shell enclosing 
it. The cytoplasm of the body is differentiated into ccto- and endo¬ 
plasm and is naked, not covered by any definite pellicle. Skeletons 
and shells, when present, are very elaborate. There may be only 
one nucleus or many nuclei and the fresh-water forms carry one to 
many cont'actile vacuoles. The mode of nutrition is holozoic. Ready 
food is aptjired with the help of the pscudopodia and engulfed at 

as 7 xnaTw ° f of thc dass Predominantly reproduce 

bndTn^^Tr ^ by b,nar y ^ sslon » s ometimes by mutliple fission or 
budding, etc Some members of the group reproduce sexually. The 
life-cycles of many forms include flagellate stages and many forms 
become flagellate under certain conditions. The members of this 
group are mostly solitary and free-living but some Torms are colol 
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and some parasitic. The rhizopods are cosmopolitan animals found 
in salt and fresh waters and also in damp terrestrial places. Despite 
apparent simplicity these animals perform all essential animal activities 
and show physiological specialization in various processes. 

TYPE AMOEBA 

The common Amoeba (Fig. i) of fresh water ponds and ditches, etc., 
is a simple-looking microscopic animal although it is not so simple. 
An attempt to understand how it moves and behaves, how it feeds and 
how it reproduces makes it evident that this seeming simplicity of 
Amotba is .rather deceptive. It is difficult to study it the way other 
animals arc studied because all the capacities that large animals delegate 
to their different organs arc inextricably mixed up in a shapeless and 
almost structureless drop of protoplasm. Amoeba presents naked pro¬ 
toplasm actively living. 

It is not difficult to find amoebae. Damp moss scraped from a wall, 
or a little ordinary soil will usually produce hundreds of them if it is left 
for a few days in a bowl of water. But they will be mostly the smaller 
species, less than i 20th mm. across, and therefore quite invisible with 
the naked eye. There arc several larger species of amoeba up to 1 mm. or 
so in size, but they arc less easy to find. The best known of them is 
Amoebaproteus , which is normally used for teaching, but is comparatively 
rare except in laboratories. 

Structure. The most striking feature of the animalcule is its conti¬ 
nually changing shape, a characteristic that led the early workers to name 
it “the protcus animalcule,” after the Greek god Proteus known for his 
capacity to change shape. An active amoeba consists of a number of 
finger-like pscudopodia emerging in various directions. The substance 
of a pscudopodium consists of two separate phases. Outside, seemingly 
fairly firm and perhaps a third of the width of the whole pscudopodium, 
is a layer of jelly, the plasmagcl, inside there is a fluid moving about, 
the plasmasol. Each pscudopodium is in fact a tube, the walls of which 
arc made up of plasmagcl while the cavity is filled with plasmasol. 
Some authors (Schaeffer, 1920) call the fluid substance endosarc (endo¬ 
plasm) and the jelly-like substance surrounding it ectosarc (ectoplasm). 
In some pscudopodia the plasmasol flows outwards and foims fresh 
pscudopodium at the tip; in others it flows inwards and the tube gradually 
shortens (receding pscudopodium). In Amoeba protens individual 
pscudopodia may measure as much as 200 microns long and 50 across, 
and there may be as many as a dozen altogether. Most other species of 
amoeba are smaller, some with innumerable little pscudopodia, some 
with a single large one. 

According to Mast (1925) the ectoplasm or ectosarc consists of (/) the 
outer surface layer or thin hyaline membrane the plasmalemma, and 
(//) the inner finely granular layer; while the endoplasm or endosarc 
consists of (iii) a coarsely granular layer surrounding (/if) the central fluid 
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FOOD VACUOLE 


NUCLEUS 


PSEUDOPOD 

(ADVANCING) 


endoplasm 


ectoplasm 

CONTRACTILE 
VACUOLE * 


Fig. i. Structure of Amoeba proteus. 

mass of substance. The finely granular layer of the ectoplasm is followed 
by the coarsely granular layer of the endoplasm. These two layers are 
not sharply differentiated and both appear to be relatively solid. The 
granules in them move very little or not at all in relation to each other and 
they do not move forward. Immediately below them there is a mass of 
substance which appears to be precisely like the substances in the coarsely 
granular layer above, except that the granules in it actively tumble over 
each other and move rapidly forward, they appear to be suspended and 
carried in a fluid stream. Thus the central mass of substance is elongated 

TKi. “fT - V,th,n 2 tubC formcd b V thc coarsely granular substance, 
inis tube is open atone end. The finely granular layer not only 

of V there r T rSC y V*™* ** a,So cxlCnds over the anterior end 

covcrVthk? 1 1 °T ng adoScd Sa< T Fina,, y» thin h y alinc membrane 
cranularlndfi * ccord, og 'o most modern views, however, thc coarsely 
plasmigcU d 6 y granu,ar ,a y crs arc considered as comprising the 


c, ? vcl l 0 P i . n g whole amoeba there is a delicate clear 

Sfisteadrsi 

the plasraalcmma a blister appears at the place liftine it from r £ \ h 

and the p Usmilem - 

regions if is fep.ra.fd 

merely a surface film continuously formed at onccn<\ a t j 00 * 
the other, it is a relatively nrrmooLf «.* * one end and destroyed at 

over plasmagel. However, it is desteoy* fn^ar^ t ° f , slide / rcel y 
from time to time, for a portion is i •*? P . and ref ormcd 

aoi ‘pelliculDof ° 7 B ^ tschl W ‘^ird layer* by Schaeffer 
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be used up. It is a permeable membrane through which water, 
oxygen and carbon dioxide pass in and out, but proteins, fats and 
salts of the protoplasm are not allowed to escape into the surround¬ 
ing water by the same membrane. 

Some authors even deny the existence of a plasmalemma. “Becuase 
of the wave nature of light, things seen down a microscope arc necessarily 
slightly blurred, and this blurring extends, with the most powerful lenses, 
to just about a quarter of a micron. In consequence something that is 
a quarter of a micron wide becomes indistinguishable from something 
that is very much smaller. More curious still is the fact that a discontinuity 
with no thickness at all, the interface between two different liquids, also 
gives the appearance of a layer about a quarter of a micron thick. As a 
result it is impossible to say whether the supposed plasmalemma is really 
a quarter of a micron thick, or considerably thinner or even whether it is 
a layer at all” (Michael Swann). 

Recently, however, Mitchison, working in Cambridge, has developed 
a method for working out the structure of cell membranes using polarized 
light, and has applied it, in the first instance, to the membrane of the human 
red blood cell. He showed that this membrane, in its normal state, is some 
ten times thicker than what had previously been supposed. The details 
of the outer laver of Amoeba are vet to be analysed with this technique, 
but in polarized light it looks rather like the membrane of the red blood 
cell, and there is not much doubt that it also will prove to be quite thick, 
perhaps as much as two microns. It is better to leave these conflicting 
views about the plasmalemma for academic discussions and agree with 
the views of Mast about its existence with the only addition that probably 
it is thicker than a quarter of a micron. 

The Plasmasol. The plasmasol consists of a fluid in which arc 
suspended structures of various types. Numerous minute spherical 
granules (0.25 /* in diameter), about an equal number of slightly irregular 
granules (1 fi in diameter) relatively more translucent, hexagonal and 
rectangular crystals contained in distinct vacuoles, sometimes in a very 
large number and varying sizes (the largest being 7 long), refractive 
spherical bodies varying greatly in number and «zc (the largest being 
6< p in diameter), various food vacuoles, usually the nucleus and the 
contractile vacuoles constitute the inclusions of the plasmasol' I he 
granules appear to be in suspension in the liquid. Likewise the vacuoles 
containing the crystals roll about freely in the plasmasol, and they always 
remain intact no matter what the consistency of the substance in them 
may be They also remain intact for a considerable time it the amoeba 
is broken open and the plasmasol flows in the surface water. The 
refractive spherical bodies evidently represent a step in the process ot 
digestion. They are found in all sizes in the food vacuoles which apparent¬ 
ly break up and discharge them. They are insoluble in water and arc 
abundant at some time and scarce or absent at others. Some believe 
them to be protein (Vonwiller). The food vacuoles float about freely in 
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the plasmasol. They contain water the amoeba takes along with the 
tood. The food vacuoles may be small or large and may contain much 
or little food. They are apparently surrounded by an clastic membrane, 
not merely a surface film, for they remain intact in water as well as in 
the plasmasol and they can be greatly distorted if made to pass through 
a small opening. In the formation of each food vacuole a sheet of 
plasmalemma is taken in. This forms a limiting membrane which pro¬ 
bably persists until the vacuole disintegrates. The content is usually 
slightly acid for some time after they arc formed, and then very slightly 
alkaline or neutral until they disintegrate. The plasmasol looks plainly 
like an emulsion. 


The nucleus in Amoeba protcus is practically always found in the 
plasmasol. Usually it is somewhere between the middle and the posterior 
end, but sometimes it may be seen in the very tip of an actively extending 
pscudopod. Now and then it becomes attached to the inner surface 
of the plasmagel and remains stationary for a time, while the posterior 
end moves forward. It is set free due to the liquefaction of the plasmagel 
when it reaches the posterior end or is separated off by the action of the 
streaming plasmasol. Thus it is being continuously carried back 
and torth, occupies no fixed position. It differs in shape in different 
species. It is either biconcave, biconvex, oval or discoid. It is a struc¬ 
ture of utmost importance to the animal. If it is removed by micro- 
aissection, the protoplasm may live without it for some time, but shall 
remain incapable of carrying out all its vital activities. If the animal may 
be cut into tu-° pieces, one with and the other without the nucleus, the 

finaUv^rT 5 bkC a 4?u CnU - C anima, » soon 8 rows to its previous size and 
time K duC f; Thc p,ccc w,thout the nucleus may live for some 

c a nnm „! S rv n iv!. l ‘ b Ti 0 g '°T ° r rc P, roducc ' But »n isolated nucleus also 
nnot survive. The nucleus and eytoplasm are interdependent. 

out on e a mln e M m0 ^° POdal *P ecimcns > ,hat is - 'he specimens that throw 
thefom P nf^n,? 0d ' U, . n j‘a !I’ OV , C ‘ n one direc,ion > 'he plasmasol is in 
the anterior du ‘d column with a knob-like enlargement at 

in each'p'semJopod" I ^^° da j' st p' c hy'"* Ca> hraniA > of plas'masol^cxten'ds 

, iJA', by 

forms a closed tubular sac with branrhe, ev?j g ' whllch consequently 
The plasmagel is very thin at the tm of e^e ^ 8 ‘ n, ° P seud °P° ds - 
varies greatly i n thickness elsewhere^I:?'ending pseudopods and it 
the same individual under different r jv® : rem individuals and also in 
it forms merely a Z It may be so thin that 

vS-a-pSC' ter ■-»«« 44: 
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ing here and there. At the tip of an extending pseudopod it is always 
extremely thin and probably sometimes absent. The plasmagel changes 
rapidly into plasmasol and the plasmasol changes equally readily in 
plasmagel. Precisely what changes take place in the transformation of 
plasmagel into plasmasol and vice versa is not known. Thus, the same 
kinds of granules, crystals and vacuoles occur in both. The nucleus, 
the contractile vacuole and the larger food vacuoles are, however, usually 
confined to the plasmasol. As a whole the plasmagel is essentially like 
the plasmasol in composition. These two structures are, however, 
sharply differentiated from each other, owing to differences in the 
physical state of a portion of the substance of which they are composed. 
The plasmagel is relatively rigid structure. The extension of long free 
pscudopods into the water without external support and the retention of 
a given form in a specimen, with numerous pscudopods as it is rolled 
about prove this point. The granules suspended in the plasmagel show 
characteristic Brownian movements as they occur in the plasmasol. Such 
movements are most rapid and extensive in the case of the smallest 
granules. The movement of these granules is restricted to smaller areas 
because the substance is relatively rigid. 

The Hyaline cap. At the tip of active pscudopods there is usually 
a definite hyaline cap of varying thickness. Sometimes it is as thick 
as half the diameter of the pseudopod and sometimes so thin that it is 
barely visible if it is not absent altogether. The substance in this cap 
is as fluid as the plasmasol. 

Immediately below the plasmalemma over the entire surface of the 
amoeba, except perhaps where it is in contact with the substratum, there 
is a relatively thin hyaline layer which is usually free from granules. 
Usually this layer is not very uniform in thickness. In any given region 
it may be practically absent and in an adjoining region very prominent, 
and it may be very thin in any region at one time and thick at another. 
In all probability it is a layer of liquid which separates the plasmalemma 
from the plasmagel, and this layer is, doubtless, formed by the spreading 
of the liquid in the hyaline cap over the plasmagel as the pscudopods 
extend. This liquid hyaline layer gclates at times, especially that portion 
which adjoins the region of the plasmalemma which is in contact with 
the substratum. 

Locomotion. The locomotion of the amoeba is effected b- the 
formation of temporary finger-like processes or pscudopodia (false 
feet—Greek, psemlos, tals c+po<hs t foot). Amocbas have no distinct 
head or tail ends but have a surface which is everywhere the same, 
and any one point on this surface may flow out as a pscudopod 
(Fig. 2). The protoplasm that enters into it is withdrawn from other 
parts of the body and, therefore, if the formation of pscudopods is 
mainly in one direction the amoeba moves to that side. But sooner 
or later another similar pseudopod forms at an adjacent point and 
the cytoplasm flows into it. In this manner the animal progresses in 
an irr^ular fashion, flowing first to one side, then to the other. It 
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often alters its course by putting out pscudopod on the side opposite 
the previous advance. As new pseudopods appear the old ones flow 


region or 

SOL AVON ‘ 


ENDOPLASM 


REGIONS OF 
I GELATION 


FOOD VACUOLES NUCLEUS - j g&K 

CONTRACTILE 

VACUOLE 

Fig. 2. Locomotion in Amoeba. (After Mast), 
back in the general mass. Such movements arc known as ‘amoeboid 
movements.’ Amoeboid movement is very slow, and the animal does 
not proceed for long in any one direction. 

Amoeboid movement occurs in other Protozoa, and also in the 
amocbocytes of sponges and in white blood corpuscles of the 
vertebrates. Amoeboid movement has always excited great interest 
because it is presumed to be one of the most primitive types of animal 
locomotion. Apparently it is totally different from the muscular 
movement of complex animals. But it is probable that a thorough 
understanding of the mechanism of amoeboid movement may throw 
some light on the general nature of contractility and thus elucidate 
the nature of muscle contraction. That is why amoeboid movement 
h becn th 5 ob l cct 0/ intensive investigation. Probably the amoeboid 
movement is the basic characteristic of unspecialized protoplasm and 
like most fundamental processes is difficult to explain. 

« a speculation ab out amoeboid movement goes back a hundred 
nd thirty years to Ehrcnbcrg, who first suggested that pscudo- 
podia were hernia-like protrusions forced out by muscular contrac- 
mns of hind part of the animal. Within a year, the alternative view 
i. P u forward that the pseudopodia were themselves inherently extensi¬ 
ble and pulled the rest of the animal after them, and ever since 
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magel seems to draw itself together and get thicker while its surface 
becomes wrinkled. 

Many theories have been put forward to explain amoeboid 

movements. Of these ex¬ 
planations only two arc 
worth mentioning: (i) The 
surface-tension theory; and 
(2) The changc-of-viscosity 
or “sol-gel” theory. 

The Surface-tension 
Theory. It was put for¬ 
ward by Butschli and was 
widely accepted for long. 
According to this view loco¬ 
motion in Amoeba is essenti¬ 
ally like the movement of a 
globule of mercury or 
other liquid produced by 
local reduction of surface tension. As a matter of fact there exists a tension 
Mt the surface of the fluid protoplasm that makes the mass spherical. From 
such a sphere an outflow will occur wherever the surface tension is locally 
lowered, cither by internal or external changes. In such a projection the 
fluid will flow forward in the centre and backward along the sides. Such 
streaming movement can be seen in active pscudopods of some amoeboid 
forms. Further, drops of certain chemical mixtures have been shown 
to move in amoeboid fashion because of local decrease in surface tension. 
It is a very simple aid attractive theory which has been extended in its 
application to various types of activity in Amotb. 1 (by Rhumblcr). There 
are, however, a number of fully established facts which show conclusively 
that surface tension as applied in this theory plays but a very insignificant 
role in the process of movement and locomotion in Amoeba. 

The objections to this theory are as follows: (1) The upper surface 
in many species moves forward in place of backward. That is, it moves 
in a direction opposite from that produced in a globule of liquid by local 
reduction in surface tension. (2) Many amoebae arc so rigid that local 
reduction in surface tension could not produce movement. (*») Amoebae 
sometimes cut specimens of paramccia in two pieces. This requires 
many times as much energy as can be developed by local reduction 
in surface-tension. (4) According to this view the surface is 
assumed to be liquid whereas in most amoeboid forms it is gelati¬ 
nized. This theorv is consequently untenable. 

The Sol-gel Theory. The sol-gel theory was first advocated b 

Hyman (1917) and has 
been adopted, among 
others, by Pantin 
(1925—1926) and Mast 

(1925). Fig. 4. Walking movement in Amoeba 
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Fig. 3. D agramrraric representation of 
changes in the consistency of cytoplasm during 
the formation of a pseudopod (after Pantin). 
1, tail piece formed by plasmagcl shown 
shaded ; 2, area of liqurfaitioo, plasmagel 
is changing to pbsmasol ; 3, endoplasmic 
stream of plasmasol ; 4, gelatir.g endoplasm. 


PHYLUM PROTOZOA 


*9 


This theory is based upon the fact that the plasmasol changes into 
the plasmagcl and vice-vtrsa. The plasmasol changes into rigid plasma- 
gel (gelates) at the anterior end and at the posterior end the plasmagcl 
changes into plasmasol (solates) causing a forward streaming of the 
more fluid plasmasol. That is why in actively progressing specimens 
•. the plasmasol is continuously rapidly streaming forward, while the 
plasmagcl is practically everywhere at rest forming, so to say, a tube 
within which the plasmasol flows. If the course of a granule or crystal 
in the streaming plasmasol is pursued it will be noticed to take first a 
fairly straight course cither until it reaches or nearly reaches the inner 
surface of the plasmagcl at the tip of an advancing pseudopod, then it 
deflects to the right or to the lett, upward or downward and sooner or 
later, directly or indirectly comes into contact with plasmagcl into which 
it finally changes. Other granules arc similarly coming and changing 
into plasmagcl after attaching to it behind the crystal under observation. 
As more of these are coming in the same way the position of the first 
recedes from the anterior and approaches the posterior end of the 
amoeba. When it reaches this end it gradually moves inward and 
enters in the plasmasol, after which it moves forward and the whole 
process is again repeated. This gives an idea about the movement 
or the plasmasol and plasmagcl. From this the phenomenon of loco¬ 
motion can be easily deduced. 


It IS clearly understood that the plasmalcmma and the plas- 
maRel are clastic and that they arc usually somewhat stretched 
and exert inward pressure, that is, the amoebae are usually turgid, 
in some specimens locomotion is accompanied with‘rolling movement’ 
fl, su ' facc ' This generally occurs in the monopodal specimens. 

nlasm.soil! * S , peClmen . ,s abou ' t0 move ,he plasmagcl adjoining the 
Fn l qU ' fi " or * ola,es at anv onc P>»ee resulting in a local decrease 
bul«, inVhi. and •" el r c stren ?I h - . The "suit is that the plasmagcl 
of ‘ h. ‘ 1 UC 10 l F e clastlc,t >' o{ ‘he plasmagcl and turgiditv 

invo 7 j b - ’ ! n< l hc P lasmaso1 to this region. The principle 

nvolved in the formation is the same as the formation of a bulge on the 

3Si“ ,nflatCd CyClC in - hich ‘ b < has been* locaUy 
. „ The , bul s c tbus formed is the beginning of the pseudoDod The 

around the tin unHor r^Uc 1 an< * * orms a hyaline cap 

side formingFhe tube forward™ ^di v « b f C , P laSma f ol 8 elat « on the 
t#inner surface of the posterior endfh. I h ' P s ' ud °P od ei, ends. At 
it gelates at the anteriorend and the Sola,CS . as ra P idl >’ as 

plasmalcmma adheres to the Jw. !! P f becomes continuous. The 

the pressure of the plasmasol agains^the’Fhe'? * f* 1 di ° ln,n F P'ssmagel, 
hyaline cap pushes it forward ^ h ' of P lasma S cl under the 

plasmalcmma on the upper surface forJ J W,SheS 11 draws the 

pper surtace forward over the plasmagcl, while it 
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remains stationary below, producing locomotion with rolling movement 
of the surface. 

In multipodal specimens also the process of locomotion is, in principle 
precisely the same as it is in monopodal specimens described above. 
The plasmagel solates at the posterior end and at the tip of retracting 
pscudopods and is pushed toward the tip of extending pseudopods 
by the contraction of the remaining plasmagel in these regions. There 
it gclates with the result that a pseudopodium is formed. Now the 
pscudopods thus formed usually become attached to the substratum 
and then contract pulling the organism forward. Sometimes the pseu¬ 
dopods do not contract, then the amoeba merely flows over the point of 
attachment due to the contraction of the plasmagel at the posterior end. 
Such a type of locomotion has been called the ‘walking movement* 
(by Dellinger). 

The pseudopods formed in such a locomotion have been described as 
those of the profluent type, the ectoplasm (plasmagel and plasmalcmma) 
bulges out as a blunt projection in which the endoplasm (plasmasol) 
flows in an even manner as the pseudo podium grows. Progression 
by the profluent method may be of the lobose type with several pseudo¬ 
podia in advance (multipodal ), or of the limax type by means of a single 
large pscudopodium (monopodal). The other type of pscudopodia arc 
of the eruptive type limited to small forms alone. In this case the ani¬ 
mals have a very thin layer of plasmagel and while producing pscudopods 
the surface breaks and the plasmagel and plasmasol burst out in an ex¬ 
plosive manner forming a round pscudopod that over flows the adjacent 
plasmalcmma. Eruptive pseudopods arc usually single. In any case 
the animal moves in a somewhat zigzag path as the pscudopods tend 
to extrude first to one side, then to the other. 

Nutrition. Nutrition is holozoic, i.e. amoeba cats other 
organisms such as algae, other protozoans, rotifers and nematodes, 
dead protoplasm, preferring small live flagellates and ciliatcs. It 

may cat several paramccia or several 
hundred small flagellates daily. It 
also exhibits choice in selecting food 
and is able to distinguish inert 
particles from the minute plants and 
animals upon which it feeds. Move¬ 
ments of the prey or substances 
diffusing from it attract the amoeba, 
that always, avoids highly active 
organisms. 

There arc no definite regions or 
organelles for food intake or inges¬ 
tion. The food is captured by pscudo¬ 
podia. A food cup is formed and 
pseudopodia arc thrown around the 
sides and over the top of the object 
(Fig. 5). In this way the food is held 
against the substratum, then completely surrounded by cytoplasm and 



.5. Ingestion in Amrba. 

1, getting ready to engulf food ; 
2, p^eudopodia growing round the 
food particle ; 3. advanced stage 
of food capture ; 4, large food 
vacuole formed and the prey is 
captured without touching or irri¬ 
tating—c-rcumvallation; 3 and 6 
show food capture by the method 
called circuinflucncc. 
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finally incorporated into the main mass of the body. Such a method 
is sometimes called circumflucncc and is employed in the ingestion 
of less active prey- It the prey is active the pseudopodia arc thrown 
out widely so that a wide food cup (Fig. 5, 5—4) is formed and encloses 
the prey without touching or irritating it. This method of food capture 
is known as circumvallation. 


'I he drop of water taken in along with the food forms a food 
vacuo e in the endoplasm which secretes enzymes that enter the 
vacuole. In an actively feeding amoeba several of such food vacuoles 
may be seen. Enzymes act best at a definite acidity or alkalinity 
consequently the amoeba furnishes proper conditions'for the proper 
functioning of the enzymes. Thus, in the food vacuole the reaction 
is at first acid, the acidity serving to kill the prey which often 
struggles for some time alter being ingested. The reaction later 
becomes alkaline because the proteolytic (protein digesting) enzyme 
[ ^ f L PSI f n) *hc amoeba is active only in an alkaline medium. 
Later the lood particles lose their sharp outlines, swell, become more 
transparent and reduce in amount as the products of digestion are 

di^t nn d general cytoplasm. Direct evidences showing the 

digestion of proteins and fats, arc available. But it is not certain 

fraament, $t V Ch r S • and , . $U?arS arc a,SO di S«tcd. The indigestible 
fragments are eliminated in a very simple way. They arc extruded 

at any point where they happen to reach the surface (Fig. 6). 



Rg. 6. Stages in the egestion of waste matter (Amoeba verrucosa) 

i. 

the essentials of respiration in that ene^ ! i 1( , Carncs *» 
and made available for other life processed All the”'^ fr ° m ' 0 ° d 
for respiratory activities passes through the nlasml ySCn . neCessa , r ) r 
protoplasm by diffusion, since the concents ? 1 ? m * lnto the 

water is higher than that in the amoeba's cv'o^a ‘° n ° Xygen >" the 

enters and is used up in the burning of foods Th' 9 x >S'n constantly 
nous process, for the burning of foodltt, ' S ‘'T" * conti - 
tration within the animal always remainsTowT,h^' 8 ? ’• d " S conce "- 
water. The carbon dioxide producTd « l ’ , han L ,hat ,n ,he outside 

of substances diffuses out for^he same :cSult of . the breaking down 
concentration within the amoeba JhanTn tht' « * 1$ *%*** at a hi S hcr 

the same factors control its passage to the *? TTOun *} n 8 water, thus 

passage to the exterior. The water that is 
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produced as a result of breaking down is a normal constituent of the 
animal bod?, and its rapid disposal is not necessary. Burning protein 
yields not only carbon dioxide and water, but also nitrogenous substances 
that are poisonous and must be excreted rapidly. Such waste products 
arc eliminated by diffusion. 


Osmo-regulation. The contractile vacuole is a mechanism for 
osmo-regulation, i.e. control of water content of the cystoplasm. 
When perfectly formed a contractile vacuole is a spherical cavity 
containing liquid. It appears as a clear circular area in the cytoplasm 
slowly increases in size by the collection of more liquid in it and 
finally contracts suddenly discharging its contents to the exterior 
(Fig* 7 ) ; Soon it appears again from one or more minute droplets, 
grows in size, as before, until it collapses again. From this it is 

evident that some liquid 
is collected in it and ex¬ 
pelled from the cytoplasm 
periodically through a 
temporary pore on the 
surlace (Fig. 7). The 
water comes in the ani¬ 
mal body mainly from 
three sources: it is pro¬ 
duced as a result of res¬ 
piration; it may be in¬ 
cluded when food parti¬ 
cles are engulfed, and it 
may enter osmotically 
through the semipermc- 
able membrane, the plas- 
malemma. Thus, there 
is a continual influx of 
water which may lead to 
It is this excess of water 
and expelled periodically. 



Fig. 7. Section of Amoeba 
the formation of the contractile 


showing 

vacuole. 


the rupture of the animal if not expelled, 
that is collected in the contractile vacuole 

How the water is forced out of the protoplasm inv ’fh- vacuole is not 
known. 


It is possible that the expelled water may itain some excretory 
products, but there is no experimental evidence t . show that the vacuole 
serves as an excretory organ. On the other hand, there is evidence 
against the excretory role of the contractile vacuole. Marine animals 
of similar constitution to Amoeba do not possess a contractile vacuole 
and yet excrete. Besides, experimentally increasing the concentration 
of salts in the water surrounding the amoeba causes the vacuole to 
contract less and less frequently and finally to vanish altogether. Con¬ 
versely, some marine relatives of amoebas develop contractile vacuoles 
when placed in fresh water. It is, therefore, concluded that the chief 
function of the contractile vacuole is to regulate the water content, 
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osmo-regulation, of the amoeba. In the parasitic protozoa with 
contractile vacuoles, most of the water expelled probably enters in the 
feeding process. 
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stopped. Movement later starts up in a new direction * . COm P !etc! y 
quence the amoeba ultimately mo^ awav from ?A. r u ^ 
effect of stimuli other than light is mo^comnUca^ 1,8ht \ ™ C 
amoeba s reaction to them takes two forms and , th . C 

strength. Most dilute chemicals and rlZu J“P cndln ? f ° n their 
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something of a puzzle. It is probable that they (strong stimuli) 
produce such widespread ertects that the delicate balance needed for 
continued movement is quite upset. 

The ability of an amoeba to select food has been used by some 
as evidence that it exhibits ‘conscious’ behaviour or possesses some 
trace of those powers which in higher animals arc vested in the brain 

and which have been called the ‘psychic 
property’ of protoplasm. Here is an 
experiment that supports this view. If 
the tip of a pseudopodium is repeatedly 
illuminated with a very bright light, 
the amoeba first reacts by stopping 
.-yJfrSgW and putting out a lot of little pscudo- 

podia to cither side; but after 10 or 20 
repetitions, it responds by putting out 
2 single pscudopodium in the reverse 
if direction. A day later, though it has not 

been illuminated in the interval, it still 
& responds by putting out a single pscudo- 

podium. No doubt this is an effect very 
different in degree from adaptive bcha- 
vi ° ur and mcmor y in higher animals, 
but it may not be altogether different in 
C k ' nt *' hlowevcr, others maintain that 

the simple activities of an amoeba imply 
no P s y c h«c attributes. 

Reproduction. The amoeba repro- 
Vv>/( duces ascxually by the simple process of 
binary fission (Fig. 9). For long such a 
(JVfcgr division was thought to be amitotic, but 

O V is has now been shown that the amoeba 

divides mitotically. The number of 
„ . . chromosomes is enormous (500—600} and 

Fie. 9 . Binary fission m Amotba. ... . V ' 

A. ready to undergo fission; P. thc > arc ' cr > * ,na ’ 1 Jn size. Chromo- 
withdrnving pesudopodia and some numbers vary widely even between 
nucleus beginning 10 divide; C. closely related >pecics. The separation 
nucleus divides into two and rjio- G f two daughter groups of chromosomes 

" Kh,rr “ kcs ^ >»■ *»* . he 
region between them. As the chromo¬ 
some groups arc pushed apart the protoplasm gets constricted more 
and more until the strand .connecting the two halves breaks. Each 
daughter amoeba soon increases in size and behaves just like the 
parent. Since an amoeba thus continues to exist in its offspring it 
may be said to be ‘immortal’. 

Earlier workers have reported multiple fission as well, where the 
parent amoeba divides simultaneously into a large number of small 
offspring, but it now seems almost certain that these observations were 
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wrong. Sexual process, involving the formation and fusion of gametes, 
has been described in various species of amoeba, but many of the 
accounts are open to a good deal of doubt. Conjugation has been des¬ 
cribed from time to time, but is even less well substantiated than the 
sexual process. It is, however, evident that these various methods of 
reproduction are very much less common than ordinary division, if they 
occur at all. 


Encystment. If conditions 
of life become unfavourable, 
as when the pond dries up 
or when the food supply 
runs low the animal forms 
a protective shell or cyst 
(Fig. 10A) around it to tide 
over the difficult period. 

The animal rounds up and 
secretes over itself a hard and impervious covering, the cyst, within 
which its rate of metabolism falls to a minimum. In this state the 
amoeba can withstand extremes of heat and cold as well as dessication, 
as their power of resistance is considerably increased. Encystment 
not only enables amoebae to tide over unfavourable circumstances but 
also furthers their distribution, as in the encysted state they may be 
blown by wind or transferred from one pond to another in the mud that 
clings to the feet of birds or other animals. Since encystment is mainly 
valuable as a means of surviving some of the dangers of the outside 
world, it is not surprising that it is universal among the parasitic 
amoebae. 

Replaced in a suitable environment the cyst ruptures and the 
enclosed animal emerges and resumes its usual activities (Fig. xoB). 
According to some the amoeba docs not emerge from encystment as 
its old self; instead a cluster of swarm spores come out, produced bv 
repeated divisions within the cysts. In some species such as Paramoeba , 
there are a dozen or so of these swarm spores, each with two whip-like 
ilagclla. In the course of time the flagella are lost and the swarm spore 
comes to look like ordinary amoeba. r 




Fig. 10. Encystment in Amoeba. 


PARASITIC AMOEBA 

There arc a number of species of Amoeba that live in the interior 
r °‘ P w‘ CuUr ! y J n lh ? di S cstive lract - Most of them arc harmless 

Sucha lhc ^. ln ^ a ^ lt * ,lv *"g on bacteria and food fragments. 
definitHv nI^, nS -^ P ls , kn ?"'n as commensalism. A few species are 
ilc d La,7rli C ’ ' ■‘ S ’ the * »«ack the host itself and frequently 
The parasitic amoebae are like the free-living individuals 
* appearance and actmties, but they lack contractile vacuoles. 

of ^which^onW ^nt^p 0 / amoeba are found in the human intestine 

harmless These inH ^ 7 *“ h “‘°b«d >s parasitic, others are 
harmless. These include Entamoeba di (Fig. i, A), living in 
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H n j/r f' ln the m ° uth ; Iodamoeba b'utschlii (also 

called williamsi); Duntamorba frjy/it and EnMimax nana 1 all 

living in the intestine. They are transmitted directly from host to 

host by means of cysts passed in 
the feces. Only E. histolytica is 
pathological, being the causative 
agent of amoebic dysentery in 
man. 

Entamoeba histolytica (Fig. 12) 
is just like Amoeba in all its essen- ' 
rial features, only it has adopted 
the parasitic mode of life. It 
is without contractile vacuole. It 
invades the tissues of the intestinal 
wall, the penetration into the cells 
being probably effected by the 
secretion of proteolytic enzymes, 
but the amoebae also ingest solid 
particles and blood corpuscles in 
the normal way. In short, they 
destroy the intestinal mucosa, 
induce abscesses, and may spread 
into the liver, spleen, lungs and 
brain with abscess formation, 
severe cases arc characterized by 
diarrhocic stools containing blood, 
mucous, and free and encysted 
amoebas. 



Fig. It. A, Entomotba eoti; B. En/omoiba 
gingival is engulfing a leucocyte; C, E. 
gingival is with an engulfed leucocyte; 
I), three leu«ocvtcs engulfing an 
amoeba. 1, nucleus ; 2, foot! vacuole ; 
3, leucocyte ; 4, engulfed am¬ 

oeba. (A, after Doflein ; B— D after 
Child). 


In their vegetative stage exist in two forms which 

may be differentiated morphologically by their size, and physiologically 
by their location and mode of living. These are the minuta and magna 
forms. The small minuta forms live in the lumen of the intestine whcr» 
they reproduce by binary fission. They show a vacuole whose consents • 
arc homogeneous for this form obtains its nourishment primarily from 
dissolved substances. Occasionally, however, bacteria arc also taken 

up. They arc not responsible for any special clinical symptoms it 

they arc harmless. 1 1 


In certain circumstances, these minuta forms may penetrate the wall 
of the intestine and there develop into the large race, the magna forms 
which multiply in the tissue. It is the magna form alone which is* 
responsible for the destruction of tissue and for the production of the 
clinical symptoms. The protoplasm of the magna form in rather com¬ 
pact in which erythrocytes arc often present. The nucleus shows 
centrally placed small chromatin granules (if stained with Mcidcnh lip’s 
stain). If the minuta form is similarly stained these granules mav be either 
centrally placed or on the edges. In acute amoebic dysentery the 
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magna forms may be found in the stool (specially in the flakes of 
mucous) in chronic cases generally only the minuta forms or cysts 
appear, the magna appearing only rarely. 


CYST 


TISSUE rNTADING 
FORM 

EN-TAMOBA 

HISTOLYTICA 


NUCLEUS 

ENTAMOBA COLI 


E COLI (CYST) 


‘/I* E ] ,ameba histolytica minuta and tissue invadinc forms 
(top left and centre) and E. Mi (below). 8 mS 

'TTr of ,he 

' forms. The cysts are surrounded by a thin s y hdl°s d ecreted^'th ,he mil ? uta 

At hrst it contains only one nucleus h.,t llrUt u- y hc °. r S a nis m . 
four nuclei are produced This U the n^Ar! ‘T b ' nary divi ^ons. 
stated to be the infective^ stale The c * V ? hich * 

vacuole which is most noticeable in the mononucleate S l VCO S cn 

course ot time, as the cyst matures, the vacuole diminish ^ • ’ * nd ,n 
a mature cyst is swallowed it runtures under he $ ' Z ?' When 

iu.ee and the four-nucleated amoeba slips out °, 8aS '" C 

produces eight mononucleate amoebae which become dcvclo P mCnt 
These, by binary division mav continue k ecomc minuta forms, 
magna forms as has been previously described C> ' StS ' ° r dCVC '°P into 
Entamoeba occurs in 5-10 per cent of tKp . . 
countries, though very few of these ever sholfw .° f T dvi,iscd 
ward communities 60 per ce n t of the nrLl h ? d,scasc ’ In back- 
passed on from one p P CBO n to InXZfflT 'Y U is 

.water contaminated with the excreta of in^!i ng i f °° d or dnnk «ng 
With the amoeba. Emctin, the poisonous"'^ 13 ' 5 a ‘ rCad >' 

Brazilian herb .s regarded as specific for it u ; f,’ prepared from a 
but not for , h e other intestinal a moeb is >, '/ f °‘ R 
parasitic amoebas rather than kill Thus\a^ ft" f °, avoid ‘he 

. anus, sanitary disposal of faecal 
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matter and cleanliness in preparing food arc essential in the prevention 
of the disease. 



^ Fig. 13 . Life-cycle of F.ntamctba histolytica. 

CLASSIFICATION 

CLASS iSARCODINA or RHIZOPODA 

Protozoa which arc usually free-living and which move and 
ingest their food by means of pscudopodia, at least during the pre¬ 
dominant phase of life-history; asexual reproduction usually by binary 
fission. Differentiation of the body is rarely carried to an advanced 
degree. The class is divided into live orders. 

Order. Lobosa or Amocbozoa or Amoebina, the amoeboid 
rhizopods. Pscudopods relatively short and blunt, changing, not stiff 
or ray-like; clear distinction between ectoplasm and endoplasm. They 
may be naked or shelled. 

Sub-order i. Gymnoamocba or Nuda, the naked Lobosa. 
Body naked or enclosed in a thin membrane; pscudopods arising at 
any point. 

Example: Amoeba ( Fig. i). 

Sub-order 2. Thecamoeba or Testacca, the shelled Lobosa. 
Body enclosed in a shell with one aperture through which alone the 
pscudopods protrude. The protective covering may be in the form 
of gelatinous or membranous encasement or shell composed of siliceous 
plates or of foreign particles embedded in a gelatinous matrix secreted 
by the animal. The shells arc of simple shape, mostly oval, urn- or 
bowl-like with a single opening or pylomc through which the pseudo¬ 
pod protrude. 
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Example 1. Dffl»g!a t a free-living form which gathers sand grains, 
cements them together with sticky secretions to form a protective 
shell. 


/• 

l 

V 


2. Arcella t the com¬ 
mon fresh-water form 
found in ponds, secretes 
a hard protective shell 
about itself. When the 
animal divides one 
daughter cell retains 
the shell whereas the 
other has to construct 
one afresh. 




Fig. 


14. A, D/jf/ngia; B, Arcclli. 

Order 2. Foraminifcra or Thalamophora. Amoeboid forms 
with slender pscudopods, often anastomosing enclosed in a simple 
or chambered shell with one opening or with numerous pores for 
pscudopodia. The body-protoplasm exhibits no marked distinction 
ot ectoplasm and endoplasm, contractile vacuoles arc present in some 
ot the fresh-water genera, but arc absent in marine forms. The 
marine foraminiferans show a well-marked alternation of generations 
in their life-history, combined with dimorphism in the adult condition, 
e.g. in Po/ystowel/a (Fig. 16). A few naked amoeboid fresh-water forms 
ot uncertain position (e.g. Protomjxa) may be included with this order 
by virtue of their anastomosing pseudopods or reticulopods. 

Shell structure. The shell or test is either one chambered, 
unilocular (monothalamous) or many chambered, multilocular 
(polythalamous). They may be with one or few openings, imper- 
w,th man > r pores, perforate. The test is composed of pseu- 
n0U8 °. r calcarc ° us » rarc! y siliceous material, or of gelatinous 
™ tb sa " d grains, sponge spicules or other foreign bodies 
embedded in it. Calcareous shells may contain small percentage of 

sKHIc rt m,n r ralS f UCh aS Silica or magnesium sulphate. Unilocular 
° f S, T P C r s P hcrical » tubular or spiral shapes and expand 
° f thC animal In thc multilocular type alsithe 
rrowtl lf i ™ th °J! C chambcr *c«ned the proloculus. As 

larger ° WS from thc main °P Cnin 8 a nd secretes a 

chambers ^f b , C t r ' pr ° C . CSS continucs throughout life, adding 

areTomctilf 7 m c reasing size in a succession. These chamber! 

rsfXw ~X T *T d '. tre S ulat, J- generally the successive cham- 
chambcrsTrc aL h 'i- ,n * dcfinite Sometimes the 

«rangement is ter g !t ‘V S '"' ght line ^closing one another, this 
are nodo , saroid Fi S- >5 A), sometimes the chambers 

ment ifte " rAo- . C °T 1Ca v P ' ral like ,hat of snail ’ s s hell, this arrange- 

SSSMSS the.lvr^^ of sheU ,hc chambers are 

, wnereas in the textuland (Fig. 15 C) the chambers are in 
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Diagrams of Shell* of Fora mini- 
fcra. A and B, nodo-aroid shells; C, Sf /./f/'J 

taxtulaiid shell; D spir** theJI, E. _ f /\/-lA P 

cycloid shell of Diu, s perm/ina\ F- /y' / l///!' 

Lagfna ; G, Cornuspir ‘r.icro»clcric); / *" A X jr! 

H, Cornuspira (in «sde*ic): K, /J #7 / 

Mi/io/a ; L, I’oljstomeiu ; M, Tettu. / ’j( V/ 

/ana (inegasclerh) alive : N. Chin* 

ptrina (nicgj'Cleri.). P, G ronia. r, first micros*. Knc chamber 
mcgasclcric chamber; 3 , pylorac (»fter Hyman), 


two or three alternating rows. Internally the chambers arc separated 
by calcareous septa pierced by one or more openings. The walls are 
perforated by numerous minute pores (hence known as foraminifera 
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foramimferan shells are multilnr.fl.'r m |orit ^ and more typical 
In the higher forms eachTpeci« U hI ^«««>us and spiral, 

microscleric (mictosphcrrcl sheik, Some individuals have 
of which is small andothere are me Y*' , chambcr (P'oloculus) 
proloculus of which is large (Figs.™^^ 6 ( me g aI °spheric) the 
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Reproduction in Foraminifcra, so far as known, takes place exclu¬ 
sively bv multiple fission, involving an altermtion of generations. As 
mentioned above the adult foraminifcra is dimorphic. Some forms 
reproduce ascxuallv and arc known as schizonts or agomonts and 
others give rise to gametes and are known as gamonts. The two forms 
cannot be morphologically distinguished among the simpler unilocular 
forms. But in the multilocular forms the schizonts have microscleric 
shells and the gamonts have mcgasclenc shells (not without exceptions). 
The microscleric individuals become multinucleate very early and on be¬ 
coming adult undergo multiple fission giving rise to several multinuclcar 
young, which soon begin the secretion of megascleric shells and then 
escape from the parent cell. Each develops into a gamont (a few may 
become schizonts in some species). The gamonts remain uninucleate till 
maturity thereafter each undergoes spoliation forming multitudes of 
biflagellate isogametes. The two flagella arc unequal. The isogametes 
fuse in pairs (Fig. 16) forming zygotes, each of which develops into a 
schizont. In some genera the gametes arc amoeboid (not flagellate). 

The foraminiferans arc typically bottom dwellers, although some 
are pelagic and may be provided with spines as floating device. The 
shells arc minute ranging from 20 to 30 micra to 2 to 5 mm. in diameter, 
They occur in the ocean in an enormous number so much so that empty 
shells with the bottom and form what is known as Globigerina ooze 
because of the prevalence of shells of the genus Globigerina. Such 
mud composes about one-third of the ocean floor at the depths of 2500 
to 4500 m. As many as 50,000 foraminifera shells may occur in one 
g ram of ocean sand. 

Examples : Poljs/ornella (Fig. 17,) Globigerina, No Jos aria, J^tgena, 

Pis (ospirufina, Trondicnlaria , 
Pi(for bin a, and Planorbnlina, etc. 

Order 3. Heliozoa. Pre¬ 
dominantly fresh-water rhizo- 
pods of spherical shape 
with radiating pscudopods or 
axopods (l ip. 18). The lm>dy 
is rad> • y symmetrical. «Thc 
'* s m is highly vacuolat¬ 
ed and is termed cortex, that 
bears one to several contrac¬ 
tile vacuoles at its surface. 
Endoplasm is denser granular 
mass in the centre contain¬ 
ing one or many nuclei. Some 
forms have perforated siliceous 
skeleton, but otherse have only gelatinous envelope, or a skeleton of 
loosely matted needles of silica. The radiating pseudopodia project 
through the skeletal covering, when present. Each consists of a stiff axial 
rod clothed with a layer of streaming protoplasm (Fig. 18 B). The axial 



Fig. 17 . Polyiiom Ha. (livinc) 5bowing 

extended picudopodu emerging out of the 
shell. 
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ioochlo^cHaei'^l'eciop^.um^S^axia^rod** 

Inton^Tnv l ,hr m .f duUa oron 1 n “ cle « *" multinucleatc forms. 
i£* d,!w “I/°j dS C 0 . nvcr e c ‘O * central granule. Movement 

and XLSS Ca Thc a a U '? 8 T y ^ been . d ««ibcdf« aL^’s 
heliozoan. enCysted 2y 8 ote ,hlt hatches into a young 

times referred t^as wuaans^uff." 1 '? ‘ huS the tw ° layers arc >°™- 
pUsm. The nucleus Ues in the P intr/r Cyt °F aSm and ln,ra capsular cyto- 

Irane is provided by wr~ k The capsule m cm- 

7 Pores that allow protoplasmic communications. 
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Contractile vacuole is wanting. The extracapsular protoplasm can be 
divided into three zones. Immediately outside the capsule is the assi¬ 
milative layer. This is followed by a vacuolated layer known as the 
calymma, hydrostatic in function, and finally there is the outermost 
protoplasmic layer from which the pscudopods arise. 


The pseudopods are straight, slender and filamentous, composed 
entirely of motile protoplasm; but in some the pseudopods arc axopods 
supported by stiff axial rods. Nutrition is holozoic. The radiolarians 
secrete elaborate skeletons mostly of silica. The skeletons may 
be radiate or concentric or of both types intermingled. The 
radiating skeleton consists of long needles (or spines) radiating from 
the centre of the central capsule ( Acanthometra ). In the other variety 
the skeleton forming material (separate spicules or lattice spheres) 
arc arranged concentrically with reference to the capsule membrane 
(found in order Spumcllaria). All possible combinations bf radiating 
spines and lattice spheres occur, together with innumerable ornamen¬ 
tations such as spines, thorns, hooks, etc., rendering the radiolarian 
skeleton one of the most wonderful and exquisite objects/in nature. 
Some (N'tssel/aria) have bell-shaped or helmet-shaped skeletons.' 
Radiolarian skeletons can be found in marine deposits in shallow 
water; but it is only in very deep regions that they occur in a concen¬ 
tration of at least 20 per cent. 

i 2 } 4 5 6 5 4 



Fig. 19. Diplomat tylinirisus (after Schewiakoff). I, axis; 2, zooxanthcllac; 3, 
my one me*; 4, nuclei ; 5, gelatinous pellicle ; 6, ectoplasm. 

Reproduction is effected by binary fission. The mitotic division 
of the nucleus is remarkable in as much as it produces a large number 
of chromosomes (over a thousand) and a ccntrosomc is lacking. The 
central capsule divides later, and finally the calymma divides. The 
skeleton also divides when possible and each daughter regenerates 
the missing half, but when the skeleton is indivisible one daughter 
cell separates and secretes its own skeleton. Many Radiolaria produce 
biflagcllate swarm-spores by multiple fission within the central capsule. 
Two types of swarmers have been reported; (1) isospores all similar 
in size and appearance, (2) anisosporcs of two types smaller micro- 
spores and larger macrosporcs. Some authors (Hyman) regard the 
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Order 5. Mycetozoa. Semi-terrestrial rhizopods which form 
encrusting masses on rotten wood or decaying vegetable matter of 
various kind. The masses are really colonies of amoeba-like rhizo¬ 
pods, but the colony has the power to move as a unit. The individual 
is devoid of shell, skeleton or central capsule in the active phase, but 
in the quiescent stage a cyst of cellulose is formed. The most charac¬ 
teristic feature is the formation of plasmodia which represent the 
adult vegetative phase of the life-history. Reproduction takes place 
by the formation of resistant spores very similar to those of fungi. 
That is the reason why botanists include this under Myxomycetes. 



Fig, 21. Myceto 2 oa. A, sporangia of Comatrieha nigra (after Rocstafinski); 
B, adult plasmodium; C, an amoebula; D, a flagcllula; E, sporangium c‘‘ Phjsarum ; 
F, section of a sporangium. 


The adult plasmodium a is sheet of protoplas? containing 
thousands of nuclei and numerous contractile vacuoles (Fig. 21 B). Its 
mode of nutrition is holozoic, feeding usually on decaying vegetable 
matter, sometimes {fiadhamia) on a living plant. In drought it "breaks 
up into numerous multinuclcatc cellulose cysts (sclcrotium). For 
reproduction often stalked cellulose sporangia (Fig. 21 E, F) arc 
formed, within which cellulose coated uninucleate spores arc formed. 
When ripe the sporangium bursts and the spores arc disseminated by 
wind, . etc. The spores hatch out little amoebas (amocbulac) which 
may acquire flagella and become flagcllulac. The flagcllulae perform 
syngamy and the zygote again becomes an amoebula (little amoeba). 
The amoebulac tend to fuse and form small plasmodia whose nuclei 
multiply forming the adult. 

Examples: Cbondriodcnua , badhamia , Plasmodiopbora. 
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CLASS MASTIGOPHORA (FLAGELLATA) 

Definition. The Mastigophora (Gr. mastix , whip +phoros t 
bearing) are flagellate protozoa and bear one or more flagella 
(singular flagellum) permanently or temporarily in the adult state for 
locomotion and food capuiie. 

General characters. The flagellates arc small protozoans which 
in the adult stage are motile, swimming by means of flagella. The 
cell-body is usually of definite form, oval, elongate or spherical with 
differentiated anterior end. A firm pellicle, often ringed spirally or 
longitudinally, maintains the form of the cell-body. In some groups 
the pellicle is provided with shells, cases and armours which may 
adhere (closely as the cellulose plates of dinoflagcllates) or may consist 
of loose encasements of jelly, silica or cellulose. In some cases the 
pellicle is thin or absent with the result that amoeboid changes in shape 
take place and some species become wholly amoeboid at times, eveln 
losing the flagellum. Generally the forms arc radially symmetrical, 
but bilateral and irregular types also occur. Some chrysomonads have 
stiff pscudopods like those of Heliozoa. 

The cytoplasm is usually not differentiated into ectoplasm and 
endoplasm. The rounded or pointed anterior end bears a gullct-likc 
depression that generally serves for the insertion of the flagella rather 
than for food intake. Many species contain plastids (chromoplasts) 
ot various shapes. They may consist entirely of chlorophyll lending the 
animals a pure green colour or may be coloured red, yellow or brown. 
I he chromoplasts arc usually accompanied by pyrenoids. Frcsh-watcr 
torms have contractile vacuoles. The nucleus is generally single and 
vesicular with a single nucleolus (endosome). The nutrition is variable 
noiozoic, saprophytic or holophytic. Some individuals indulge in worrn- 
,kc contractions and expansions and arc said to perform “cuglcnoid 
move ments.’* Reproduction is by longitudinal fission, but some undergo 
mult,pic fi ssi ° n and one group presents example of sexual reproduction 


The flagellates are found everywhere in fresh or salt water. 
Many arc free-living and solitary, some arc sessile and some form colonics 

beinPs C rnd°JK° USandS ? f ,nd ! viduaIs - f Man >' arc parasites of human 
peings and other animals and some of them cause diseases of great 

condidon?* FrCC " ,iVing f ° rmS may Cncyst to avoid unfavourable 


TYPE EUGLENA 


1/ 


sUpJti T, a COmm ° n ' . soUur y ®nd free-living flagellate inhabiting 
S“' wa, ' r c ? nta,n,n g nitrogenous organic matter. They are often 

surfaceofno.lT T !. thlt } h f 7 P r °duce a green scum on the 
surtace of ponds. Such ponds and drtches usually contain euglenoids 
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of more than one species. Of these the most common form is Eugltna 
viridis. 



Structure. The cuglcnoid is a minute spindle-shaped structure 
measuring up to o.i mm. in length. The shape of the cell body .s 
constant and the end which is foremost when the organism 
moves is blunt and the opposite (posterior) end tapers to a point 
(Fie aiA). The shape of the body is maintained by the pellicle 
which presents spiral or parallel stria,ions. Although firm and 
strong the pellicle is very thin and sufficiently flexible and clast,c to 
permit of considerable and characteristic changes ot form which 
the body occasionally exhibits. 

At the blunt end of the body there is a single long delicate 
protoplasmic filament, the flagellum. This whip-like process by its 

lashing movements, causes the organism to move in water. It also 

acts as a sensory organelle for exploring the surroundings. The 
fla-ellum of the euglcna is also called tractellum because it does not 
propel the body from behind but draws it forwards, rhe flagellum 
is cylindrical (or flat) consisting of a straight axial fibril, the axo- 
neme surrounded by a protoplasmic sheath continuous with cytop- 
of the cell-body. The flagellum springs from the anterior tip 
from a flask-shaped groove, the cytopharynx or “gullet” (Fig. 22B) 
that opens to the exterior by a ccll-mouth or cystostome. The 
flaecllum arises from the bottom of the cytopharynx, is forked at 
the base and is connected by two rhizoplasts to a basal granule, 
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the blepharoplast', behind the nucleus. The mechanism of the 
flagellar movement is not clearly understood. The mechanism resides 
in the flagellum itself and if isolated along with the basal body it 
continues to be active. Without the basal granule the activity ceases 
almost instantly. 

At one side of the cytopharynx is found a large contractile vacuole 
(Fig. 22) that discharges into the expanded base of the cytopharynx. 
Just before the vacuole collapses there appear many small vacuoles 
around it. These vacuoles fuse together to form the next vacuole. 
The vacuolar system, therefore, is like that of other Protozoa and not 
‘‘complex” as described in many text books. On one side of the 
cytopharynx lies the red pigment spot consisting of light-sensitive 
Substance. This is known as the stigma or eyespot and is a photo¬ 
receptor (Fig. 22). The nucleus is usually large situated near the 
pointed end of the organism and contains an endosome (nucleolus). 
The cytoplasm contains many green choloroplasts of various shapes 
(discs, ovals, stars and bands). In Eughna viridis is present a single 
group of slender chloroplasts radiating from a central point (Fig. 
34 A) imparting a stellate (star-shaped) appearance to it. Typically 
there is a pyrenoid in the centre of chloroplast, sometimes enclosed 
in a sheath and some times in two hemispherical shells of paramy- 
(hyplum,) a carbohydrate similar to glycogen. Paramylum is also found 
Jj} the general cytoplasm in the shape of large ellipsoidal granules. 
The shape of paramylum varies generally. E. oxyuris , for instance, 
has a conspicuous link-shaped paramylum body in each end. 





Fig. 23. 'Euglcnoid movements' in Eugltna. 

Movement. The lashing movement of the flagellum draws the 
animal slowly forward, the animal at the same time keeps on revolving 
on its long axis. The spiral rotation of the body maintains a straight 
course. The animal also crawls by the spiral movement of the cell- 
body. Some forms fre quently indul ge i n worm-like contractions 

«ell.or«n s?Lh?J a t 5 L W fl be n amc £ vcn to a cen,r0S0me in relati °n to a motor 
«ranal? r or two when iA « ch « »‘«cbed to a 

is situated eithrr “double) the basal granule or blepharoplast, which 

nacC a ^ m ^t:cV e s th^“, h f ; 0 ™7, hiCh '^V‘ Um SPri T «°° ' h = 

of the flaRdlum continue 5. Ib f . In thc latter casc thc a *oneme 

blepharoplast functions S • c^tri^? • 8 ,5- OU ! C as . a . 'bioplast When the 
blepharoplast. * centnole in division, it is often called centro- 



Fig. 24. Binary fission in Hughno. A. individual ready to divide ; B, deve¬ 
lopment of chromosomes, division of blrpfa'oplaMs (mciapba*f); C, separation* 

of chromosomes (anaphase); I), division of the tody begin:, from the anterior 
end (telophase) (after A. Hollarde). 

and expansions of the superficial body layer (simulating the peristaltic 
movement of vertebrate intestine). These movements arc said to be 
‘metabolic’ or ‘cuglenoid’ movements (Fig. 23). 

Nutrition. The cuglcnas take no solid food, in other words,, 
they are not holozoic. They subsist entirely by holophytic nutrition 
whereby some food is synthesized within the body with the help of 
chloroplasts, as in the plants (photosynthesis). T~h c saprophytic type 






PHYLUM PROTOZOA 


41. 

of nutrition is also common among the euglenas. They absorb nutrient 
material dissolved in the water surrounding them. Euglenas kept in- 
complex nutrient solutions in dark, loose chloroplasts and pyrenoids 
yet they continue to live and carry on vital functions of life. 

Respiration and Excretion. Respiration takes place through 
diffusion, oxygen diffuses into the cytoplasm through the pellicle and 
carbon dioxide diffuses outwards. When the active photosynthesis is 
going on within the organism the diffusion of carbon dioxide inwards 
and the output of oxygen masks the respiratory diffusions. Excretory 
products pass out by diffusion. 

Behaviour. Eugltna reacts positively to light of favourable 
intensity and swims towards the source, but is negative to strong 
light and tries to avoid it (colourless flagellates arc indifferent to light) . 
The light is perceived only at the anterior end by the specialized eyespot- 
This specialization is important since they depend upon photosynthesis 
for their nourishment, and it is advantageous that they should expose 
themselves to light as much as possible. When placed in a dish, euglenas 
quickly aggregate on the side of the dish nearest the light. Euglenas 
also react to mechanical shock, temperature change and chemicals. As 
a reaction to such a stimulus the organism slows down or stops, traces 
a wider spiral by swinging the anterior end farther out and starts off in 
a new direction. 


Reproduction. In the active state the euglenas reproduce by 
longitudinal binary fission. The nucleus divides into two mitoticallv 
and then the anterior organelles are duplicated followed by the longitu¬ 
dinal splitting of the cytoplasm (Fig. 24). Euglenoids also reproduce 
by longitudinal fission in a resting stage. The flagellum is withdrawn, 
the animal ceases to swim and encloses itself in an envelope of muci¬ 
lage. The nucleus and chloroplasts divide followed by the division of 
the cytoplasm. Cases of multiple fission, though rare, have also been 
reported in this condition. Multiple fission also takes place in cncvstcd 
condition. Eugltna very readily encysts forming both thick and thin- 
walled cysts within which it divides into several (16 or 32) daughter 
euglenas. Sometimes the flagellate loses its 
flagellum and rounds up into an alga-like cell in 
which metabolism continues and reproduction 
occurs by fission, thus, forming extensive green 
scums on the surface of ponds. ' In this condition 
icy arc said to assume the palmella state 
trig. 22 C). Such a palmella stage is of regular 
occurrence in some species. There is no evidence 
of sexual reproduction in Eugltna. 

Eneys'mem. Under certain conditions Fi S’ 2 ’’ 

S protective cysts arc also formed. 1. ey». : 2, nucleus 
tnc) stment is stimulated by lack of food lack of cf res,,n 6 daughter 

oxygen, drying, heat (as in strongly illuminated Kcm).' S ” ! " e ' 





4* 


A TEXT BOOK OF INVERTEBRATE ZOOLOGY 


cultures) and fouling of the medium. The cyst is composed of a 
special carbohydrate and is of yellowish brown colour. 

PARASITIC FLAGELLATES 

A number ot flagellates arc important from human standpoint. 
Some inhabit the intestine or other parts of the bodv and others live 
in blood and invade various bod/ tissues causing definite pathological 
conditions. Three genera of flagellates that inhabit human digestive 
tract include C.hilomastix mtsnili , G‘ardia oiterica and two species of 
Trichomonas (T. ho minis in the colon, and T. buccalis in the buccal 
cavity). Of these Giardia enterica is the most common especially in 
children. It is doubtful whether any of these intestinal fiagellates 
is positively harmful, but they may cause some injury when some 
intestinal disease is present. They live in active swimming state and 
feed either saprozoically or on the intestinal bacteria, etc. One species 
of Trichomonas , T. vaginalis , lives in the vagina. It has been accused 
of causing various ailments in women including abortion, but sufficient 
evidence to support this is lacking. They only cause annoying itch or 
local burning. But there arc other flagellates that arc definitely responsible 
for some deadly diseases. They are commonly called trypanosomes. 
Of these Leishmania do nova ni causes kalaazar, a deadly oriental disease and 
L. tropica is responsible for oriental sores or boils. The chief pathogenic 
trypanosomes of man arc Trypanosoma gamhienst and T. rhodesiense , orga¬ 
nisms that cause African sleeping sickness in man. 

TRYPANOSOMA GAMBIENSE 

Trypanosomes are parasitic or saprozoic colour¬ 
less flagellates typically elongated in form, pointed 
at one or both ends, with one flagellum springing 
from a basal granule located in front of or behind 
the nucleus. They occur as parasites in all classes of 
vertebrates (also in certain plants and other animals) 
and arc pathogenic only to man and domestic mam¬ 
mals. The pathogenic trypanosomes arc confined 
to tropical countries. 

Structure. The adult trypanosome has typical 
fusiform body pointed at both ends. A firm mem¬ 
branous pellicle maintains the form of the body, 
the cytoplasm of which C< tains a large, vesicular 
nucleus. The flagellum arises from the posterior 
end (wrongly regarded as the anterior end by some 
people). At the base of the flagellum is a darkly 
staining granule, the blcpharoplast, and there may be 
1 Vllum^ITTu- P rcscnt an additional structure the parabasal body. 
dcusT3. U undulating The blcpharoplast and the parabasal body are 
membrane. said to form the kinetic elements or kincto- 

plast. The flagellum runs along the entire length 
of the body on the edge of an undulating membrane which represents, 
so to say, pulled out cytoplasm of the body forming a “membrane” 
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connecting the flagellum with the body. The flagellum becomes free 
at the anterior end. The trypanosomes swim freely in the blood plasma 
by vibratile movements of the undulating membrane and flagellum, 
the free end of the flagellum pointing forwards. 

Nutrition. Nutrition is effected by the absorption of nutrient 
material from the blood plasma. The gaseous exchanges in respiration 
and the elimination of nitrogenous excretory products take place by 
diffusion through the pellicle. There is no contractile vacjolc as no 
mechanism for osmo-regulation is needed. 



*g- 27. Photograph showing the trypanosomes in blood. 

pUcc by longitudinal binary fission^** First th *k* ,ry P anosomes ' 
and then the nucleus which i. fxn F ? , he klnet,c clc ments di 
of cytoplasm. In some cases then^'li'^ b '' thc , lon P i, odinal divi 
one-half of , h e protoplasm tak« ma ,i' ° d , lvide ' but 
a new one, this being done before f asdl , um and ,he °'her fc 
cytoplasm. S betore thc comolete separation of 
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Trypanosoma gambitnse causes African sleeping sickness in man 

(another type of sleeping sickness 
known as ‘encephalitis’ is caused by 
virus). The characteristics of the 
disease include fever, in the early 
stages, enlarged lymph-glands, an 
anaemia and lethargy, etc., probably 
produced by the poisonous by-pro¬ 
ducts of metabolism, toxins, liberated 
in the blood. Finally, the parasites 
invade the fluid surrounding the 
brain and spinal cord, the victim 
loses consciousness, and the ‘sleeping 
sickness’, as it is called due to this 
stage, goes to a fatal end. 




B 

Fig. 28. 

A, T<ct$e fly ; B, . fc-cyclc of Trypanosoma that caurcs African sleeping, 
sicknesj. 'I he figure ?ho\%N . n inlccud fly biting an infected man; principal stages 
in the life-cycle arc shown; *typano«ome« r( salivary glands being injected into 
blood arc cntciiog the proboscis of the fly. I, salivary gland; 2, blood vessel 
of man ; 3, stomach of the fly. 

The disease is transmitted from man to man or from mammals 
to man by blood sucking tsetse flics (Fig. 28A) of the genus Glossina 
in whose digestive tract several changes take place. W hen the tsetse 
fly sucks the blood of any wild mammal (almost all wild mammals ir» 
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the blood of therat^F ^? u J m A—D * f Qrms multiplying in 

mature paraait* ; H.’ bv IK*? = FG 

rsi! h i *£?*£ 

wall; N and O infective atageiof^tbe tf^aaosome.^^' 0 ^ ° U ‘ ° f ^ io,CStinal 


blood carries tru n non ’P alh ogenic condition) or infected man, th 
action of di&ecriS . n ° s .° mcs to the intestine, where they survive th 
diges v judices and undergo multiplication by binary fissior 
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TO CEREBROSPINAL 
FLUID CAUSING 



BY BITE OF 



Fig. 30. Life-cycle of Trypanosoma gambiense. 

and form numerous slender forms. These invade the anterior part of 
the gut from where the: work their way into the salivary gland through 
the labial cavity and hypopharynx. Here they become attached to the 
cells in the glandular part and a further phase of multiplication occurs, 
during which, among many others, forms similar to those found in the 
vertebrate blood, are produced. Such forms fill the cavities of the salivary 
glands. At this stage the fly is said to be infective which will release 
trypanosomes in the blood of another man or mammal along with saliva 
while sucking blood. Gtossina becomes infective 20 to 34 days after 
sucking the blood i.e. the parasites complete the reproductive cycle in the 
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fly in this period before they enter the salivary glands. The incubation 
period of the disease is 2 to 3 weeks. Between 2 to 5 days after the bite 
of the infected Glossina, there occurs at the site of the bite an inflamma¬ 
tory swelling known as the trypanosome chancre. This is the localized 
primary effect, the disease will supervene after the incubation period. 

. The ravages of the murderous pair of the tsetse fly and the trypano¬ 
some are great with the result that large regions in Africa arc uninhabit¬ 
able for men and their stock. Control measures for the disease are 
complicated because of the prevalence of the parasites in the wild 
mammals. They act as a vast reservoir from which flics arc easily re¬ 
infected. An adequate solution for this problem seems to lie in the isola¬ 
tion of harmful toxins with the help of which human beings can be 
made immune to the parasite. The parasite will then be able to live in 
man without producing an incapacitating and usually fatal disease. 

The trypanosomes differ in morphological phases under different 
conditions, in other words, they are polymorphic. There are four 
main types of such forms: (#) the Leishmania stage is rounded or 
oval without flagellum, the rhizoplast and kinetonuclcus being pre¬ 
sent; (//) the Lcptomonas type is elongated with a short flagellum 
springing from anteriorly located kinetic elements; (Hi) the Crithidia 
stage is elongated in which the kinetic elements arc in front of the 
nucleus and the flagellum arising from it runs forward as the border 

r of a short undulating membrane, and (ip) the Trypanosoma form has 
the kinetic clement in the posterior end and the flagellum runs nearly 
the entire body length on the edge of an undulating membrane becoming 
free near the tip. Each genus ot the family Trypanosomatidae, to which 
Trypanosoma belongs, may assume two or more of these forms. The 
genus Leishmania consists of only leishmania and lcptomonas stages. 
Thesame is true for Lcptomonas, but Crithidia has, besides these, the 
crithidial stage also and Herpetomonas displays the complete trypanosome 
sla gc, m addition. These distinctions, however, are more or less 
uncertain. 


Other Pathogenic Trypanosomes. Chagas, disease of Central 
and booth America, in which the parasites multiply inside the muscles, 
the heart and the nervous system, causing dangerous swelUngs is caused 
by Trypanosoma tray and is transmitted by a bug (Triatoma mrois/a). 

is snedaVo SD “ •" ki*" i,s l> r g<= blepharoplast, however, 

M J he P arasues ate not plentiful in the blood, 

the form nfEik' ,lSSu ' 'hetrypanosomes lose their flagella and assume 

which was f n r ’ 'a Wh | Ch ,h< 7 re P roduce by mitotic division, 
? was considered to be schizogony. Clusters of parasites 

fcS^ tr ! C ' Uu ir '’' ThCSe clusteis contain hundreds of parasites in 

nS oaW' T , he le ‘ S 0 hmania - llk ' P aras ‘ te s are, before ent y 

the fi 2? f “ dlnt0 ^ tllltc forms - This change between 

The Chaeas disM. ' phaSe ° f ,h ' P arasi,es is continually repeated- 
me Lhagas, disease ,s accompanied by fever, diarrhoea, swelling 
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Fig, 31. Some flagellates — A; Manat fuihu/a ; B, Boio couJatu s ; C, Trichonympfut 
from termite ; D, Lei ih mania tropica (enlarged) ; E, different morphological 
phases of the Trypanasomes ; a. Lcishmaoia stage ; b, Lcptomonas stage ; c, 
Crithidia stage ; d, Trypanosoma stage ; F, crithidia stages from the intestine, 
of a horse fly ; G, a white blood corpuscle from an oriental sore filled with 
Ltisi/fiaoia tropica. 
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of the lymph glands and in the chronic stages a characteristic myocarditis 
occurs. 

The natural reservoirs of T. rru^i are armadillos, cats, dogs and 
marsupials. That means these animals carry hordes of parasites and 
it is from these that the bug Triatoma rnegista sucks them and transfers 
them to the definite host. They are harmless to these animals. 

Kala-azar (Leishmaniasis) is a progressive general infection of 
many months duration, accompanied by irregular fever and marked 
enlargement of spleen and liver leading gradually to severe anaemia, 
and when untreated, death. It is caused by Ltisbmania donovani , a parasite 
of the trypanosome family. In the extended motile form with flagella 
it is only seen in culture. In human body spleen, liver, lymph-glands, 
bone-marrow, the leishmania are found practically only intracellularly 
and are non-motile round or oval bodies one-third the size of a 
red blood corpuscle. These contain a spherical nucleus and in 
addition a short rod-like blepharoplast. They are conveyed by 
certain sandflies of family Phlcbotomidae. The incubation period may 
be less than io days, but occasionally is more than 18 months. T. 
bwcti causes nagana fever of a variety of African domestic mammals 
and is transmitted by some species of Glossina. The surra disease common 
among horses, mules, cattle and camels in our country is caused by 
T. evansi and is transmitted by tabanid flics; T. hmsi (Fig. 29) occurs 
in the rat and is transmitted by a flea. Several non-pathogenic forms 
also occur in mammals. Common among these arc T. prim a turn in 
anthropoid apes, T. tbeileri in cattle and T. rntlopbngium in sheep. 

CLASSIFICATION 


CLASS MASTIGOPHORA or FLAGELLATA 

Small Protozoa with flagella as locomotor organs, present in some 
or all stages of life-cycle. The class in divided into two subclasses. 

subclass Phytomastigina. Plant-like flagellates with never 
more than four flagella. Chloroplasts or other kinds of chromato- 
LTV a J C US ? all £. P r , cscnt - Six orders are commonly distinguished 
nd of these the Euglenoidina and Dinoflagellata are the best known. 

form?wfth *' Chty9 °T na ,? ina - Small > sim P le of,en amoeboid 
XZZ* ° n n ° r flagella, chromatophores yellow or brown one 

' ” 6, ; u,t, ‘ ,on bolophytic or holozoic, endogc- 

and UrT.wL “ *•* Som ' <°'°nial forms {Sjfiura W iUa 

in wa^f ! nhab " ftesh ^ters, causing bad flavour 

n water supplies by aromatic oils released at death. b 

Examples: Ciromu/in*, Cbrjsamotba radians (Fig. }7 Q ,Sjnura uvtlla, 
Urog/enopsts americana , Ochromonas , etc. 

tant°form ^ tyP 'T-^ ad i na - SmaU ' oval flagellates of cons- 
m (not amoeboid) flagella are two arising from a gullet-like 
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depression, the walls of which bear small rods resembling trichocysts; 
nutrition holophytic or holozoic; holophytic types bear chloroplasts 
of various colours, some saprophytic forms are colourless, some 
(Cryptowonas) live as zooxanthelle in other Protozoa and Metazoa. 

Examples : Cbilonjonas (Fig. 37 H) (colourless); Cryptomonas 
(Fig. 37 G) (coloured). 

Order 3. Phytomonadina or Volvocales. Small oval or 
elongated flagellates of flxed form, enclosed in a cellulose membrane 
usually with two rather short equal flagella; one large cup-shaped 
chloroplast, red stigma, two contractile vacuoles and a simple vesicular 
nucleus. Single or colonial forms chiefly inhabiting fresh water; 
nutrition is holophytic or saprophytic. Asexual reproduction by division 
within the membrane and sexual reproduction with all grades of isoga- 
mous and anisogamous gametes. Cyst formation occurs. Palmclla forma¬ 
tion is also frequent. 

Examples: Cbliw/ydon/otuis (Fig. 32), Chloro&onium (typical single 
forms) and P/codorim and X'o/rox (Fig. 33) (typical 
colonial forms). 



Fig. 32. OJamydomonos. A. Chlomydon.orai \ B, anisogarretes of C. 
brjnnii ; C, isogarr.etcs o| C. fxrly, D CUlamyd^monas in palmclla stale ; E, zygote 
formed as a rcsulr of fusion of B. I, contractile vacuole ; 2, stigma; 3, cup¬ 
shaped chloroplast ; 4, nucleus. 

Cblawydomonas (Fig. 52) is a typical solitary form with two flagella, 
an eye-spot, a close fitting cellulose cuticle, one pyrenoid and green 
chloroplast. Nutrition is holophytic. It reproduces asexually in a 
nonflagcllate palmella-likc state by two or three divisions into agametes 
that are simply small replicas of the parents. The smaller isogametes 
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arise by a greater number of divisions, fuse in pairs and form thick-walled 
zygote. The zygote remains dormant for some time and then divides 
into several young like the parent except in size. Anisogametes also 
occur in some species, differing from each other and the parent prima¬ 
rily in size. Some species have been reported to produce both iso- 
and anisogametes. 

Volvox (Fig. 33) is a typical colonial from inhabiting fresh water. 
It consists of numerous biflagcllate individuals, connected by the pro¬ 
toplasmic bands and embedded in a gelatinous matrix, which forms an 
oval or spherical ball from the edges of which their flagella project. 
Average number of individuals in a motile colony varies form 500 or 
more (V. aureus) to 10,000 (V. globalor). Each individual contains a 
nucleus, two contractile vacuoles, a red eye-spot, chlorcplasts (green) 
but no gullet. Nutrition is holophytic. The colony swims about, 
rolling over and over from the action of the flagella, but, curiously 
enough, the same end of the sphere is always directed forward, and thus 
we can distinguish front and rear end. Its behavior can be explained 
only by supposing that the activities of the numerous flagellated indi¬ 
viduals arc subordinated to the activity of the colony as a whole. 



Of p,odod„ E , ew, „ oHX. ViS; 
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sphere usually contains in its hollow interior several such daughter 
colonies in the process of making. They are liberated when the 
mother colony breaks open. So far as sexual reproduction is concerned 
Volvox presents an advanced stage in the evolution of sex. In the 
early stages of sexual differentiation the two fusing gametes are alike 
(Fig. 34) isogametes; (cf Cblamjdomonas). In Volvox the evolution has 
reached completion and fully differentiated sperms and ova arc formed. 
The ova are distinguishable by their larger size being filled with fatty 

substances. Another cell 
of the same colony (or 
from a different colony) 
multiplies actively and forms 
small flagellated sperms. 
These sperms swim about 
until they find an egg or 
die. Only one sperm pene¬ 
trates the egg and ferti¬ 
lizes it. The fertilized egg, 
zygote, secretes upon its 
outer surface a hard spiny- 
shell within which further 
divisions take place result 
ing in the formation of a 
small ball of cells. With 
the return of favourable 
conditions the shell breaks and the young colony emerges. This colony 
is not different than the colony produced ascxually. 

Order 4. Euglcnoidina. Elongated, spindle-shaped forms with 
a pellicle usually ridged or striated; the anterior end bears a red stigma 
in green forms and is provided with a depression or cytopharynx from 
which one or two flagella emerge and which serves for food intake in 
holozoic type; chromatophores green or none; nutrition holophytic, 
holozoic or saprophytic; mostly inhabit fresh water. 

Examples : Eugltna (Fig. 22); Astasia (colourless); Trachtlomonas 
(in shell). See Fig. 35. 

Order 5. Chloromonadina. Small amoeboid bodies with two 
flagella and pale green chloroplasts; assimilation product is oil and not 
carbohydrate. 

Example: Coelomonas. 

Order 6. Dinoflagcllata. Plankton protozoans. There is a 
definite capsule made of cellulose (Fig. 36). The capsule is in two 
parts and has an equatorial groove, the sulcus; with two flagella, one 
directed backwards (trailing) and usually in the longitudinal groove, 
and the other transverse flagellum, usually in a more or less spiral 
or transverse groove (annulus). A stigma and numerous small yellow, 
rown or infrequently greenish chloroplasts arc usually present. 





O 

34. Sexual reproduction and development 
'oUox. A, fertiiizicion ( 1 being egg and 2 
•perms) ; B, zygote with cyst wall, 3 ; C, an 
inner cyst wall appears ; D, zygote divides ; E. 
further multiplication forms a small ball of cells; 
F, a young colony within the cyst (after 
Kircher) 
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Fig. 35. Some Euglenoidina. A, Eutltna viridis ; B, Lepotinr/s's marsstnii : 
S oxjurit ; D, EugUno spirogjra ; E, Bogota dries ; F, £. proximo ; G, Esi/o- 

siphon oratum, I, flagellum ; 2, cycopharynx ; 3, mgma ; 4, chloroplast, 5, con¬ 
tractile vacuole ; 6; paramylura body, 7; triebite ; 8, nucleus ; 9, trailing flagellum 

Nucleus is single and large. Characteristic of the order is the presence, 
of large sacs connected to the exterior by canals. These non-contrac- 
tile spaces form the so called pusule system which unlike the vacuolar 
system serves for the intake of water, exact function of which is 
not understood, probably it is hydrostatic. Nutrition is generally 
holophytic. Some through loss of chloroplasts have become 
entirely holozoic and partly or completely amoeboid in form and 
behaviour. 


Reproduction is by fission the plane of which is oblique but it 

resembles longitudinal fission of the flagellates as it passes between 

two flagella. Fission may be within or without a cyst. It may be 

simple, binary or in the encysted condition it may be multiple. The 

f repeated binary fission of pelagic forms sometimes hang 

k ^ ! h 2 f ° r a c< ? ns,dcrable tlme a chain. Syngamy is suspected 
but sufficient evidences are not available. ^ 

Example Ctralium (Fig. 56 B) typical armoured, holophytic 
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Fig. 36. A Noelilutj ; B. Cerjtium ; C. Gmyoulax. 1, cytopharynx ; 2, 
tentacle ; 3, nucleus ; 4. annulus ; 5. .-ulcus ; 6, longitudinal flagellum. 

forms with three long spines. Chloroplasts arc green in fresh water 
forms and yellow or brown in marine forms. 

2. Nodi hied. (Fig. j6A) is a large gelatinous sphere, often 
i mm. or more in diameter floating on the sea, usually near shores. 
It is colourless and ingests solid food, one flagellum is short and thick 
and the other is delicate. Noe/i/iica is a luminescent dinoflagcllatc and 
is responsible tor much of the phosphorescence of the ocean shore 
waters. NodHuca reproduces by binary fission and by the formation 
of isogametes each with one long trailing flagellum. These fuse in 
pairs, but the fate of the resulting zygote is not fully known. 

Sub-class : Zoomastigina. Flagellates of distinctly animal 
nature without chloroplasts and with definitely holozoic nutrition. 
They have often more than two flagcllaand sometimes more than four. 
Some arc free-living and some arc well known parasites. This is 
divided into four orders. 

Order i. Protomonadina. Small colourless flagellates mostly 
naked, often amoeboid orcuglcnoid with one or two flagella (one often 
trailing if two present). Solitary, colonial or parasitic forms arc met 
with. Nutrition is holozoic in free-living forms and saprophytic in 
parasitic forms. Reproduction takes place by longitudinal fission, 
multiple fission is also known in some parasitic species. Sexual 
reproduction not known. 

Flagellates often called monads belong to this group. Monads 
arc small colourless, oval naked amoeboid forms with one to three 
flagella, one often trailing. They occur in foul waters and may be 
unimportant intestinal inhabitants of man and other animals. Interes¬ 
ting collar flagellates (Choinoflagcllatcs) also belong to this order. In 
these a thin transparent collar encircles the base of single flagellum. 
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They are sessile, single or colonial, 
cant members of the order. 


Trypanosomes are other impor- 


Example: 


Momsiga (Fig. } 7 F), Codosiga (Fig. }7 E), Prolospongia 
baeckch (Fig. 5 7 D); Monas, ProUrospongja, Bo Jo, Try- 
panosoma; UubmanM (Fig. 3,), CrilbiJia; Uptomonos, 
Htrpttomonas , etc. 
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Order 2. Polymastigina. Oval and elongated flagellates with 
four or more flagella. Pellicle is delicate permitting appreciable change 
of form. There are one to many nuclei and often parabasal bodies are 
present. In some a slit-like or elongated mouth may be present. 
Nutrition is holozoic or saprophytic. Reproduction takes-place by 
longitudinal fission, cyst formation is common and helps in the trans¬ 
mission of parasitic forms. The majority of these are commensal or 
parasitic in the intestines of arthropods, especially insects, and verteb¬ 
rates including man. 

Examples: Chilomas/ix mesnili t Trichomonas hominis , T. buccalis, 
T. vaginalis and Giardia enterica (Fig. 37). 

Order 3. Hypcrmastigina. Small, complex flagellates with numer¬ 
ous flagella living as symbionts in the gut of insects. The flagella 
occur in various ways; in a terminal tuft ( Lophomonas ), in two or four 
elongated groups at the anterior end ( Barbulonjmpha) or over all of the 
body in longitudinal grooves ( Trichonympha ). Reproduction takes 
place by fission. They assist in the digestion of wood in the gut of wood 
eating termite. 

Examples : Lophomonas (from domestic cockroach) ; Barbu/onym- 
pha (from wild cockroach) and Trichonympha (from 
termite; Fig. 31). 

Order 4. Rhizomastigina. Small amoeboid forms that possess 
a long flagellum. They live in fresh water. 

Examples: Mastigamoeba (Fig. 37 I), Mas/igina and Masfigella. 

CLASS SPOROZOA 

Definition. The Sporozoa (Gr. spora y secd-f %oon t animal) are 
cndoparasitic Protozoa in which the principal phase has no external 
organs of locomotion, the contractile vacuole and mcganuclcus are 
lacking ; asexual reproduction takes place by multiple fission, and 
sexual process by the production of macro- and microgamctcs. The 
parasites are propagated by means of resistant sccd-likc bodies or 
spores, except in blood-inhabiting forms, which sporulatc into naked 
young. 

General Characters. The sporozoans arc intercellular or in¬ 
tracellular parasites of vertebrates and most invertebrates; each 
species is more or less limited to a specific host. The cell body in 
the vegetative phases is rounded, oval or elongated like a worm 
with one nucleus, no contractile vacuole and locomotor orga¬ 
nelles. Movement takes place by change in the shape of the body 
(gliding movements). The body cytoplasm may be differentiated 
into ectoplasm and endoplasm, and some (grcgarincs) possess myoncmcs 
and special adhesive organelles. Food is absorbed directly from 
the host (saprozoic nutrition). Multiple fission is involved both 
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in sexual and asexual reproduction resulting 
in the formation of gametes or agametes. 

Propagation of parasites is usually by spores, >*» xSSSK 
but where transmission is direct (as by blood 
sucking intermediate hosts) the infecting 
stages are naked. 

In some sporozoans both asexual and 
sexual reproduction may take place in a 

single life-cycle. The growing vegetative fi 

parasite is called a trophozoite. When it J 3 

attains full size it divides by multiple TO/ jS 

fission into agametes called merozoites. The j 

trophozoite at this stage is called schizont [^7 Xi jy 

or agamont and the process is known as W ESA ffl 

schizogony or agamogony. The merozoites R S 

reinfect the host and may repeat the F& VStej^ir 

schizogonic cycle several times and finally O* 

they give rise to gamonts or gamctocytcs 

which by multiple fission give rise to 

process is Fig. 38 . Trophoroi.e 
called gamogony. The gametes fuse in of Nematonuis from Eut>- 
pairs and form the zygote which is called Pk° eu *. (»ftcr Bbaiia and 
oocyst if nonmotile, or ookinete, if motile. Chatcr i ce >. 

The zygote again undergoes multiple fission, known as scorn- 
f.Wrl C,thCr form,ng nak * d y° un «. thc sporozoites which rnfect 

rr4 xzr and sporoeony takes 1 

MONOCYSTIS 

M. phmtimi Bhatia and CiTaterjee, cCh " Gh ° Sh ’ 

nude^d^ Ju^d CTcco^l » • minute 

of the dcvclo ping^permatozoa or spern/JX °U feeds' 

rous constriction and bulging, probablyfor P ° lQtcd e - lowing nume. 

3 l * f thc 8 raou,a r cytoplasm Le.heV -EkT** 10 ”. ° f ' h « paras ,c * U 
po'c to the other. There are, in additfon n h ° ucleus ' flows from one 
Dnhynthocysti / globosa (Bhatia and Chhterjec) specimens referable to- 
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at the expense of the protoplasm around it until all the protoplasm has 
been consumed. Thereupon the trophozoite is found surrounded by the 
tails of dead spermatozoa of the earthworm, for a time, and appears 
like a ciliated organism. Ultimately these spermatozoa are detached 
and the trophozoite becomes free. 



Fig. 39. Liftf-cyclc of Monnjstit. A, spore consisting of sporc-case 
enclosing sporo/oites ; B, transverse section of the same ; C andD, liberated sporo¬ 
zoites ; E, sporozoite after entering muhicclluar spcrmspberc of earthworm ; F, 
growth in speimsphcrc to from tropht zoitc ; G, tropho/oitc surrounded by the 
remains of the spermsphere, the tails of the spermatozoa resembling motionless 
cilia ; H, two sporozoite* forming gamctocyst; I, gar»ctocy.*t ; J, speculation begins; 
K, iiogametes from two individuals fusing to from zygotes ; L, cyst containing 
many sporozoites (Redrawn after Wiley &. Crawford). 

The mature trophozoite is fusiform (Fig. 59) limited externally 
by a thick smooth pellicle. Its cytoplasm has an outer layer, ectoplasm 
(cortex), and an inner layer endoplasm (medulla). In the ectoplasm 
arc found longitudinally running tracts of cytoplasm called myone- 
mes, specially developed contractile structures. W ithin the endoplasm 
is the nucleus, which is surrounded by a delicate membrane, and 
contains a clear liquid in which arc suspended denser bodies called 
nucleoli. 
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Locomotion. The trophozoites show only slow wriggling 
movement brought about by the rhythmical contractions of the 
myoncmes. Such movement is characteristic of the group (Grc- 
garinida) to which Monotjstis belongs and is consequently called 
‘grcgarinc movement.* In fact the parasitic mode of life reduces the 
need of active movement. 

Nutrition. In the early stages the trophozoite feeds upon the 
protoplasm of the sperm morula. Digestive enzymes exude out of 
its body and render the protoplasm around it assimilable. The digested 
products later afe absorbed through the pellicle. After the sperm tails 
have been shed, the trophozoite iics freely in the fluid of the seminal 
vesicle and doubtless absorbs nutriment from it.Reserve food material 
is stored in the endoplasm in the form of granules of paramylum 
(paraglycogcn). 

Respiration and Excretion. • Respiration is brought about by 
the usual method of diffusion. The fluid in the seminal vesicle receives 
supplies of oxygen through the blood of the earthworm, and in the same 
way the excess of carbon dioxide is handed over to the fluid whence it 
goes out in the same way (/.*. ohrough the blood). The nitrogenous 
products are also disposed of in the same way. 


Reproduction. Before entering the actual reproductive phase 
each fully matured trophozoite becomes a gamctocytc (gamont). Then 
"4 two such gametocytes become associated with each other and each such 
pair secretes around itself a double-walled cyst. Since the gametocytes 
do not fuse, but arc merely associated together, the cyst is commonly 
called an association cyst but can equally well be called a gamctocyst. 
Within the gamctocyst each gamctocytc produces by simple binary 
fission a number of small nucleated bodies, the gametes. The 
gametes produced by the two gametocytes arc equal in number 
and similar in shape (isogametes). It is, therefore, difficult to 
distinguish the gametes from the two gametocytes, but it is presumed 
from other evidence that when fusion takes place in pairs one gamete 
comes from one ga m etocyte and the other from the other. The fusion 
of the gamete is complete involving both nucleus and cytoplasm. 

As a result of fusion large zygotes are formed. The zygotes 

arc also termed sporoblasts because of their later development. Each 

sporoblast secretes a tough resistant covering, the sporocyst, which in 

external appearance resembles a diatom of the genus Navicella. For 

this reason the .sporocyst is called a pseudonavicella. Within the 

■Wr'tT,*'. s P° rob ' ast undergoes three successive divisions produc- 

rhe snnmtn k , e o 5 ^c :d v j US,f ? rm - nucleated protoplasmic bodies, 

onlv ‘ F .T her de ’ el °P"*"‘ of 'he sporozoite is possible 

voic es of ' ranSferred to an0, her earthworm. On reaching the seminal 

becomes a tron^ T*™ ?'* Pirates into a new sperm morula, 
becomes a trophozotte, and the cycle begins again. 

Mode of Infection. Nothing is definitely known as to the propa- 
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gation of the parasite. Almost every worm examined shows the pre¬ 
sence of the parasite, it may be supposed that the sporocyst may be 
transferred from one host to another in the process of copulation when 
the spermatozoa are conveyed from the seminal vesicles of one worm 
to the spermathecae of another. But the pseudonavicellae have never 
been seen in the spermathecae or in the cocoon, it is, therefore presumed 
that the sporocysts are set free when the host worm dies and decays in ' 
the normal course of events or when it is devoured by some animal, 
such as a bird, and is digested within its gut. The latter is evidenced 
by the fact that the sporocysts have been actually seen in the contents 
of the intestines of various birds. Fro.r. the gut the sporocysts pass 
with the excrement of birds into the soil with 'which they are swallowed 
by other earthworms. The sporocyst is then probably dissolved by the 
digestive secretions of the worm, and the sporozoites set free. From the 
gut, being actively motile, the sporozoites traverse through the tissues 
and reach the seminal vesicles where they commence their cycle. 

MALARIAL PARASITE 

Malaria. Of all the tropical diseases malaria is about the biggest 
health problem confronting the human race. It is responsible for 
roughly one-third of all the attendance at hospitals in the tropics, and 
about one-third of the entire population in many hot countries suffer 
from it every year. Although only about one case in several hundreds, 
proves fatal, yet the disease is so prevalent that the total number of deaths ► 
due to it is colossal. It has been officially estimated that in India alone 
something like 1,300,000 deaths arc caused by it in an average year. 

In the Uttar Pradesh, whose population is well over 55,000,000 it is 
estimated that one quarter of the population is totally incapacitated for 
two months in the year. The loss of working ability which even mild 
attacks of malaria cause is very serious. 

Though characteristically a tropical disease malaria has affected 
Europe as far north as Holland and England. Until the latter part of 
the XIXth century it was quite common in the marshes of Essex and 
Kent. Falstaff was “shaken of a burning quotidian tertian” (Shakespeare 
in Henry V), and Dickens refers to it in Great Expectations. Malaria 
has practically died out in England but these districts remain potentially 
malarious. In Greece and Rome the disease was until recently a curse. 

It is said that the disease has protected the city more efficaciously than 
armies against foreign invaders. 

Malaria has played a significant role in military history. It has- 
dccided the fate of many armies notoriously that of the Walchcrcn Expedi—** 
tionof 1809. In this highly malarious district of Holland 10,000 out of 
15,000 British troops had malaria at one time, and they were dying at 
the rate of 25 to 30 per day. During the war of 1914-18 malaria was 
probably responsible for more casualties than any other disease. Among 
British troops there were 160,000 admissions of malaria cases to hospitals 
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in Macedonia; 35,000 in Egypt; 107,000 in East Africa, and 1,20,000 in 
Mesopotamia. As all soldiers suffering from it did not get hospital 
treatment, these figures underestimate the total loss of man power. 
During 1918 the British forces in Macedonia alone lost 2,000,000 
service days. 

* Historical Account. For long it was believed that malaria was 
caused by harmful vapours given in marshy land (Gr. malo> bad + air). 
Laveran, a French military surgeon, for the first time noticed 
Plasmodium in the blood of a malaria patient in 1880. In 1885 Golgi, 
an Italian worker, further confirmed that Plasmodium always occurs in 
the blood of persons suffering from malaria. This posed a problem 
before the scientists—how Plasmodium gets into the blood of a man? 

Meanwhile, Sir Patrick Manson, a Scottish doctor at a Chinese 
hospital in Formosa, had discovered that mosquito carried the germs 
which caused elephantiasis. A German doctor Richard Pfeiffer suggested 
in 1892 that some blood-sucking insect carried malaria also. Laveran, 
working in Algeria, definitely suggested that the mosquito might spread 
malaria. 

In 1894 Major Ronald Ross of the Indian Medical service, a doctor 
who had long been interested in the study of malaria returned home on 
leave and while in London called upon Manson, who had retired by then. 

-, Manson explained his theories to Ross. Back in India Ross set to work 
* in earnest and in 1897 he succeeded in his efforts. He established that 
the germs of malaria are sucked by the mosquitoes of one type i.e. female 
Anopheles from the body of the infected human being and develop within 
its body to infective stage. When this mosquito bites a healthy man 
the germs are inoculated in his blood ultimately resulting in his sickness. 
For this discovery Sir Ronald Ross was awarded the Nobel Prize for 
medicine in 1902. 

Plasmodium. The malarial parasite is intracellular sporozoan 
blood parasite that causes malaria in man. For the completion of 
life-cycle the malarial parasite requires two hosts, a vertebrate and 
a blood sucking invertebrate. Transference of the parasite is 
effected by the invertebrate host. In man, the vertebrate host, the 
~ infection takes place by the introduction of the sickle-shaped nu¬ 
cleated sporozoites in the blood by the bite of an infected female 
mosquito of the genus Anopheles. The organism that causes 
malaria in man is Plasmodium. At least four species of Plasmodium, 
P. vivax, P. falciparum , P. malariae and P. ovale, arc known to attack 
man causing different kinds of malaria. 

The life-cycle of the malarial parasite involves two hosts the primary 
ho9t (man) and the intermediate host (mosquito). This makes it quite 
complicated and now available evidences' show that the life-cycle passes 
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through four phases. These phases include (/) the Pre-erythrocytic cycle, 
Sexuaf Sck et> ’ ,hr0C> ’ tiC CyClC ’ ( " V) ,he Er >' throc V ,ic cyde and (») the 

LIFE CYCLE IN MAN 

The Pre-erythrocytic cycle. When an infected female Anopheles ■ 
mosquito bites a person thousands of sickle-shaped nucleated sporozoites ‘ : 
are introduced in the blood. They first enter the capillary vessels of the 
skin with the salivary juice of the mosquito and then enter the general 
circulation . For a certain length of time the blood, then, remains infec¬ 
tious as tar as other men are concerned. After approximately half-an- 
hour, the blood ceases to be infectious, after this period following 
the bite of the infected anopheles, no more parasites arc present in the 
circulating blood. The injected sporozoites are taken up by the body 

C ii u * Ch aS far as wc know » arc chiefly the cells of liver. In these 
cells the sporozoite rapidly grow into a schizont containing numerous 



Fig. 40. Pre-erythrocytic and Exoerythrocytic cycles in man. 

nuclei. As a result of schizogony or multiple fission each schizont 
produces about 1000 cryptomcrozoitcs which arc set free in the 
sinusoids (spaces not internally lined by endothelium) of the liver on the 
rupture of the schizont. This is known as the pre-erythrocytic cycle 
that takes place within the liver cells during the incubation period which 
is 10 to 14 days in both falciparum malaria and vivax malaria. However 
in vivax malaria it may extend to 200 to 300 da vs. In quartan malaria 
the incubation period is approximately two to three weeks (or more in 
some cases). 
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Fig. 41. The Erythrocytic cycle in man. 

The Exoerythrocytic cycle. The crvptomerozbites released in 
the sinusoids may again pass into the liver cells and undergo exoerv- 
throcytic cycle. As in the case of the pre-erythrocytic cycle the parasite 
again develops into a schizont and produces by schizogony (called 
exoerythrocytic schizogony) as many as a thousand mctacrypto- 
mcrozoites. Of these some are apparently smaller others larger. The 
smaller ones are called micrometacryptomcrozoitcs and the larger 
ones are macromctacryptomerozoitcs. Only the latter are known to 
enter the erythrocytes (red blood corpuscles) and carry on the 
erythrocytic cycle. ) 

In falciparum malaria the length of the exoerythrocytic phase in ro 

Derfod the c ‘ he ' n u Ubl, '° n pCr ' od ’ 3nd 3t the end of 'his P incubation 
period the exoerythrocytic parasites enter the blood allatoncc or succes- 

sivcly at bnef mten’ais. They then institute the erythrocytic phase. Aficr 

Id tha U r n" ak ° f * C lmC ? a " aCk ° f falc 'P arum mala na it may P be conclud - 
j, * b . 3t m ° tC e 1 soerythrocy " c parasites are present in the’body. The 
development cycle in vivax (P. vivax) and quartan malaria IP. L/ariai) 

entef^i 'V**? for ™ onl >‘ a p3rt of ' he «oerythroc ytic paras.tes 

eytic cycle °°Thr "V* ** inCub . 3,ion P" iod IO form an cry thro- 
,• 7 h , c remainder persists in the host’s liver cells without 
p oducing clinical symptoms. This reservoir gives rise to far more mrrn 

Afte C r tH t SC P r ° duccd from thc in *tial incubation and development 
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malaria is not greater than two years, in quartan malaria, on the other 
hand, relapses appear several years after the original infection. 

The Erythrocytic cyle. When an infective mosquito bites a person 
thousands of sickle-shaped nucleated sporozoites are introduced in 
the blood. Formerly it was thought that the sporozoites immediately 
penerate the red blood cells, but, from the above it is evident that the ^ 
sporozoites do not attack the red blood cells immediately, but live and 
multiply for some time in the liver cells which acts as a nursery 
for them as they are first received. When the sporozoites enter red 
blood corpuscles each becomes rounded and subsequently amoeb¬ 
oid called trophozoite, which feeds upon thccyto plasm of the 
corpuscle. Soon a vacuole appears in the middle of the cytoplsam 
so that the nucleus is pushed away to one side and the trophozoite 
assumes the characteristic “signet ring” stage. The rings arc com¬ 
paratively large and usually not more than one in each corpuscle. 

The trophozoite grows larger till it fills the corpuscle completely 
and contains numerous characteristic brown pigment granules (haemo- 
zoin) formed from destruction of haemoglobin. At this stage it is 
called a schizont as it is about to enter a phase of multiplication by 
a process called schizogony. As this stage is reached the corpuscle 
becomes larger, slightly paler and shows on its surface a number 
of fine granules, the Schuffncr’s dots (seen as bright pink granules if 
stained nicely in Romanowsky stains). 

By multiple fission the schizont divides into 6 to 36 nucleated V 
daughter cells, the merozoites (schizozoitcs). A certain amount of 
residual cytoplasm is left and in this the pigment granules collect. 
After some time the thin envelope of the exhausted corpuscle bursts 
and the merozoites arc liberated into the plasma. The merozoites, 
which arc shorter and thicker than the sporozoites, then attack fresh 
corpuscles in exactly the same way as the sporozoites do, and the cycle 
is repeated. After about ten days the parasites are so numerous that 
the shock of their nearly simultaneous release produces a chill followed 

bv sharp rise in temperature in response to toxins (poisonous substances) 
released in the blood. When the toxins arc cleared away the temperature 
falls until the next generation of parasite is liberated. 

LIFE-CYCLE IN MOSQUITO 

Sexual cycle. The erythrocytic cycle is repeated for sometime 
with the result that the number of parasites becomes so large as to prove 
fatal to the host, with which they may be completely destroyed. Further, 
the parasites may have to face the threat of food shortage or the resistcncc • 
of the host may increase. Under these circumstance the change to new — 
host become a safer measure and the parasites prepare for that. It is 
here that the asexual phase of multiplication (schizogony) is replaced by* 
the onset of sexual phase. Some merozoites attacking the red blood 
corpuscles behave differently. At the end of the trophic phase they do 
not divide but become free from the corpuscles, become rounded compact 
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than in the schizont, and are roughly circular in outline. The mature 
gametocytes do not change any further in the human host. They 
undergo further development only if taken with blood into the gut 
of an appropriate female mosquito (Anopheles). They degenerate and 
die if they are not transferred to the gut of the mosquito. In the 
stomach of the insect the gametocytes alone can withstand the action 
of the digestive fluid, other inclusions are digested along with the 
blood. The microgametocytcs become very active, the nucleus divides 
into several small nuclei and at the same time a number (6 to 8 ) of 
flagellum-like processes of the cytoplasm appear on the surface. A 
nucleus passes into each of these extensions which begin a continous 
lashing movement and eventually break off from the cytoplasm. The 
residual cytoplasm contains all the pigment granules. The liberated 
elongate bodies arc the microgametcs. The megagamctocytc show* 
very little change by way of development, though there is good evidence 
that there is a reduction of chromatin (compare maturation processes of 
the gamete of the Metazoa). The nucleus moves towards the periphery 
of the gamctocyte and at this point, the cytoplasm forms a slight 
projection and thus the gamctocyte becomes changed into a megagamete 
(Fig. 42). 


The microgamctes keep on actively moving for a while by 

active lashing movements and on coming 
near a megagamete one at once becomes 
attached to the protoplasmic process and 
enters in again by lashing movements. 
The nucleus of the microgamctc fuses 
with that of the megagamete and a 
spherical zygote is formed. For a while 
the zygote remains inactive but eventually 
becomes elongated or vermiform, the 
ookinete, reaches the wall of the 
stomach, works its way through the 
tissues of the wall and rests between the 
epithelium and sub-cpithclial tissue. . As- 
the zygote rests in the above condition it 
becomes enclosed in a cyst partly derived 
from the insect tissues and partly secreted 
by the zygote, and is known as the 
oocyst. A single mosquito has 50 to 500 
suchoocysts. (Fig.4$)Thc oocyst, enlarges 
in size and its nucleus undergoes multipli¬ 
cation producing a large number of 
nuclei. At the same time, the proto¬ 
plasm of the zygote develops large vacuo- 
the cytoplasmic surface and the nuclei 
arrange themselves along their free margins. Such cytoplasmic masses 
are known as sporoblasts (Fig. 42). Eventually each nucleus 
appropriates for itself a small portion of the cytoplasm becomes elon- 
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gated and projects from the surface. Finally each spindle-shaped 
nucleated projection is detached frem the protoplasm and becomes a 
sporozoite. Thousands of such slender sporozoites are formed within 
the cyst. The whole process takes about 6 or 7 days. 

The cyst bursts and the sporozoites arc discharged into the blood 
sinus or haemococlic spaces, whence many enter the salivary glands 
where they await transfer to a human host. The mosquito at this stage 
becomes infective and as soon as it pierces the skin of a human being, 
some of the sporozoites will pass into the blood stream, and will invade 
the cells of the liver and commence the cycle. 

The above description is the life-history of Plasmodium vivax. 
Other species of the genus have more or less similar life-cycles with 
minor specific differences. 


Host-parasite Relationship. The disease caused by these parasites 
is known as malarial fever or ague and is characterised by recurring 
bouts of fever, each lasting several hours. The febrile condition in 
man is due to toxins liberated into the blood along with the merozoites 
when the corpuscle is ruptured at the end of schizogony. Usually to 
cause an attack of fever an accumulation of toxins is needed, that is why 
it only occurs when sufficient schizogonous cycles have occurred. There 
is thus an interval of time between the primary infection and the onset 
ot fever. This time is known as the incubation period. When the 
poisons are cleared away the temperature falls until the next generation 
?! J*I* SlteS ,S lbcra,c A f ? r thc dau e hlcr parasites penetrate new red 
red bloTcor^Lclcs 8 ' n ** ^ lnew * P ° puli,i "S m0 " lnd m0re 

Pla'mjl'uT fY*'* ° f !%/***» cause human malaria. 

siZri ,b/rL£ r !' m ' , erro " eousl y Levtrania malarial'' bv 

seme is the parasite of malignant tertian or tropical epidemic 
malaria m man. Besides this there are at least tW* otL P * . ,c 

Of.he genus PW&, «ha. »e known else 'alal in P '?n 

mwmmm 

P. vivax , P. ovale and >. falciparum Of this'theie ^ infcC, ! 0r l S with 
benign tertian is caused by P. ovale™d P Y'a *? 0 ™ n f t,cs ; thc 


genus Lavtrenia ifS Grawi a^Fde : JP 0r020a ) retained the 

the Intern. Comm, on Zoo! Nemenclatare ,, ' aceow | a ®«°pioion 104 of 
tbe separation of tbis parasite from thSTUf k Dy ma, 5 *iologlsts consider 
is not required and inefode all SSftS 


• -— ^ ^ 

consider that 
quartan malaria 
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\ ariety tend to clump together and so block up small blood vessels and 
damage essential organs. Quartan malaria with feverish fits every 
tourth day (/.*. every 72 hours) is caused by P. malaria'. Quotidian 
(daily) malaria or a continuously high temperature may result from mixed 
infection and may also occur in the early stages of infection, when the 
characteristic rhythmic character is not fully established. 

There is no harmful effect on the intermediate host (mosquito) 
although its entire body may be swarming with the parasites. Obviously 
there is some drain on the nutritive resources, but it seems the insect 
develops a tolerance tor this and consequently does not feel the effect. 
At least fourty-eight species of Anopheles are known in which infections 
can be established in laboratory conditions, but of these only twenty-five 
species are ot importance as carriers of malaria in nature. Some mos¬ 
quitoes prefer to feed on other animals rather than on man if given the 
choice, so that a pig beneath the bed has been suggested as an alternative 
to a mosquito net. Other species are less discriminating and will bite man 
even in the presence of other animals. Whether they arc important 
malaria carriers depends on their feeding habits and the extent to which 
they come in contact with man. As such the most dangerous are the 
domestic ones, those which haunt houses and feed at night when people 
arc at home. 

The Control of Malaria. The control measures fall under three 
headings: (a) treatment of the infection in the patient; (/;) the prevention 
of the infection—prophylaxis; (r) control of the vector. 

(a) It is clear that like the germs of other infectious diseases malaria 
parasites do not produce antitoxins or antibodies, or if produced at all, 
the antibodies are not efficacious in controlling the disease. Malaria, 
therefore, cannot be treated by vaccination or by inoculation with immu¬ 
ne sera. It can only be treated with drugs that may kill all stages of the 
parasite without poisoning the patient. Quinine and other synthetic 
drugs arc doing this, though none of our present day drugs have reached 
perfection. 

The list of the synthetic drugs include Paludrinc, Atcbrin (Mcpach- 
rinc,) Plasmochin, Rcsochin, Pamaquin and Cacmoquin etc. Qui¬ 
nine is extracted from the bark of cinchona,a tree which is grown 
successfully in Peru, India, Ceylon and Java. The Dutch East Indies 
have a virtually monopolised quinine production, providing 90% of the 
total. It rapidly kills the schizonts but the gamonts arc resistant. 

All clinical symptoms of malaria are caused exclusively by the 
schizonts of the erythrocytic phase. The most effective treatment of an 
attack of malaria is a schizonticidc (schizont killer). Quinine is one but 
is unable to kill the gamctocytes. Atcbrin has the same effect. Paludrine is 
reported to kill the parasite in all its forms. But the drug now in a 
wider use is Rcsochin. In falciparum malaria after the first attack, no 
exocrythrocytic parasitic forms Dersist and, therefore, a thorough treat¬ 
ment with a schizonticide radically cures this type with no fear of 
relapse. In vivax, ovale and quartan malaria, after the erythrocytic 
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schiaonts, which are responsible for the clinical symptoms, arc destroyed, 
there are still present the persistent exocrythrocytic parasites which 
cause the relapses. To avoid these relapses the best is to administer 
either Primaquine or Plasmoquine after the conclusion of Rcsochin 
treatment. 

A casual prophylactic which destroys the inoculated sporozoites 
before they can develop into pre-erythrocytic or cxocrythrocytic forms is 
at the present time unknown. The most practical method of prophylaxis 
available at the moment is suppressive treatment (chemoprophylaxis). 
For suppressive treatment a drug is necessary which will destroy the 
schizonts growing from either the exo- or erythrocytic parasites imme¬ 
diately they arc formed, and should be capable of achieving this when 
regular small doses arc administered. Paludrine or Daraprim in small 
weekly doses has proved perfectly reliable. 

W . Thc prevention of infection can be effected in two ways: 
(/) by using protective measures such as mosquito nets, etc., by which 
the mosquito is prevented from biting, and (/#) the use of prophylactic 
<lrugs--small daily doses of anti-malarial drugs which will kill thc parasite 
either in the sporozoite or merozoite stage. 

M It is perfectly cleat that if thc vector is completely extermi- 
nated then the infection cannot be transmitted from one person to 
another. In fact, it is this approach to control of the disease which 
has proved extremely effective. The dependence of mosquitoes on 
water for breeding makes the control measures easier, for it is easier 

noisoniJl !u qUlt , iC htVa f ,h ? n ,he win f ed ins «t. Water can be 
poisoned with oil or with other insecticides. Large areas of water 

can be sprayed with these poisons from aeroplanes. Natural enemies 

Of the arvae can be introduced, such as fish or ducks which feed on 

them. Insectivorous water plants such as the bladdcrwort (U/ri;,/ a ri 2 

also catch a lot of mosquito larvae. Further, useless swampy places 

B an k., dramcd and 'he breeding space for the mosquitoes can btfrcchiced 

feduced d methods th ' mosquito population will be considerably 
reduced and may even by completely eliminated. 

CLASSIFICATION 

Cl ASS SPOROZOA 

Parasitic Protozoa which are usually propagated bv sn^c 


the N^'.Ppr^t^^Th^TelSp^pid'u^oMtituie 0 a* U n«und* , |rr le T ' lo! . pn . ridi * and 

they much in common with Tclosporidia Therefor^ natural group nor have 
dominating in the classification of sEorozo.'. WeEv/n"W* 1 * ,Q be 
.O reserve the t,„e Sporeroa for the Tetap^Sfig ThV tXSt 



70 


A TEXT BOOK OF INVERTEBRATE ZOOLOGY 


n 

ml 



Fig. 44. Gicgarina. A, 

Mi no tp or a polyacantha ; B, 
Gregorian longiroslris ; G, D idy- 
•nophyts gigonatea ; D, Hermocy • 
Hi/ karpail in syzygy. 1, cpim- 
crite ; 2-3, protomerite ; 4, 
with dcutomcritc with nucleus. 


Sub-class i. Telo- 
sporidia. Elongated spo¬ 
rozoites without polar 
capsules in the spores. 
The Tclosporidia fall into 
three orders. Grcgarinida, 
1 Coccidia, Haemoposridia. 

/ Order i. Grcgari- 

I nida. The Grcgarinida arc 

chiefly lumen-dw c 11 i n g 
/ (coclozoic) parasites of 

/ invertebrates, especially 

arthropods and annelids, 
digestive tract, less frequently the coe- 


usually inhabiting the digestive tract, less frequently the coe¬ 
lome or the vascular system. They arc typically intracellular only 
in the early part of their growth, />., in the trophozoite stage. Later 
they leave the epithelial cell and develop into more or less elongate 
motile adults, usually referred to as grcgarincs. Majority of these 
do not show asexual reproduction or schizogony and multiplication 
takes place solely by sprogony following upon gametogony. The 
adult sporozoites themselves are gamctocytes but do not show and 
differentiation into male or female as in other orders (Coccidia an 
] lacmosporidia). The gamctocytes tend to adhere in chains ot two 
or more individuals. The adherence of two grcgarincs known as 
JJZYPYy anticipates gamogony, for the later history indicates that the 
anterior member is female, ' the posterior male. Gamogony follows 
the same course in all members of the order. Both the pairing 
individuals produce an equal number of gametes and arc usually 
equal in size though not always similar in character. Conjugation 
takes place between similar or dissimilar gametes (isogamy or an- 
isogamy). 

Grcgarina (Fig. 44) is a sporozoan in which the cell body is divided 

nn independent class, and to regard Sarcosporidia and Haplosporidia as parasites 
ot undetermined pos.»i-n. Rcichenou (1929, 1933) regards Tclosporidia, Cnido- 
sporidia Sarcosporidia and Haplosparidia as independent subclasses of Sporozoa. 
The vamc has been followed here. Kudo (1931) also follows this arrangement but 

places Sarcosporidia and Ilaplo'poridia in one subclass. Acnidosporidia. Calkinj 
(1933) regard* Tclosporidia, Cnidosporidia, and Acnidosporidia as classcss ot 
the subphylum Sporozoa. 
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into two regions by a partition. The substance of the body 's dmdcd 
into a firmer outer layer (ectoplasm) and a more fluid centra! subs anc 
the endoplasm. The ectoplasm may be further differentiated intothree 
layers: an external cuticle called cpicytc, a middle layer the sarcocyte 
and a deeper contractile layer containing mvonemes called the myocy • 
Ectoplasm is thin in motionless forms. The cut.c e is firm and grows in¬ 
wards to divide the body into a larger nucleated posterior region or 
dcutomeritc and a smaller anterior region, the protomcntc. in the 
young stage the cuticle forms a small anterior cap or cp.mcritc. 
When young they arc intracellular parasites, but later they become tree 
in the gut. They feed by absorption of foodstuffs and store glycogen. 
On an average many arc about one-tenth of an inch in size but the 
size of the adult G. giganlea is sometimes three-quarters of an inch. 


The young Gregarina is parasitic in one of the lining cells of the 
gut, where it grows. It leaves the cell but remains for a time attached 
to it by the cap, this is cast off later, and the individual becomes free 
in the gut, while still growing in size. Many species of these indivi¬ 
duals possess a remarkable power of gliding forward. The spore 
formation in Gregarina is preceded by a close apposition of two 
trophozoites and their enclosure in a common cyst or association 
cyst. As they represent cells in which gametes arc produced they 
arc called gamctocytes. True gametes are formed within these. 
The gametes arc quite alik* in most but in some they can be differen¬ 
tiated into male and female gametes. They fuse in pairs forming 
zygotes or spore* of various shapes. By multiple fission a bundle of 
eight elongate sporozoites is formed. All these changes take place 
within the original cyst from which spores come out through definite 
tubes or sporoducts which penetrate cyst wall and act as conduits. 
They hatch when ingested by proper hosts into worm-like sporozoites 
which reach their coveted sites by gliding movements. 

Other gregarine parasites include Scbi%pcjstis t Monocjstis (Fig. 39) 
and Newatocystis (Fig. 38), etc. 


Order 2. Coccidia. The Coccidia are intracellular parasites of 
the epithelial cells of the digestive tract and associated glands of 
annelids, molluscs, arthropods and vertebrates. Some also parasitize 
the kidneys, testes and linings of blood vessels and coelomic spaces. 
Life-cycles are complex involving alternation of schizogony and 
sporogony, sometimes with change of host (Hcpafo^oori). 

Examples: 1. Eimeria is an example of typical coccidians. The 
parasite gains entrance into the host as oocyst through the mouth. 
The oocyst bursts releasing the sporocysts from which escape the sporo¬ 
zoites and move about in the lumen of the gut till they enter the epithelial 
cells of the gut wall, where they grow into schizonts. Schizonts are 
large rounded bodies, which give rise to merozoites, which escape in the 
lumen of the gut and enter new host ceils and repeat the process. 
Some merozoites develop into macro- and microgamctocytes. The 
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F'g- 45- Life-Cycle of E>wrria. 

0 S ?o°r^ C ^!f:i thc , fV epi,hcliu 7‘ of ,hc host 5 R . ihr " in schi/.o* 
produce *' h,ch rcpcal !5 h ' Z0 R°ny (as shown by thc arrow) or 

E-U to, mat inn n f l "} lcr "%* metoc Y lc * • D-E. formation of macrogamete (ovum) ; 
* I iccretion nf a m ' cro * lme, «* (*P«in*) ; I. mature gametes anj fertilisation; 
'• uon C,f O IC> nnr ,nc,nbranc around the /.ygotc ; K N. stages in sporocyst forma- 

inornVSfV^K I c ^ ta,n,n « sporocyst each of which will give rise to two 

/fr m P Ha r .r ? C ;' PC Whfn ,U Wil1 burs,f - as shown in the neat figure; 
(irons Fauna of Ur. India ; after Schaudinn). 8 * 


macrogamcrocytc produces a single macrogametc after extruding part 
?? * ts [] uc * car material. The microgamctocytc produces a number of 
bitlagellatcd microgametes. Syngamy takes placcand the zygote produces 
a cyst around itself forming an oocyst. The nucleus divides twice and 
tour sporoblasts are developed inside thc oocyst. Each sporoblast 
secretes a membrane and becomes a sporocyst, and two sporozoites 
arc developed inside each sporocyst. Oocysts, pass out in thc faecal 
Gf / h '. hos .t and ,n , fcc ' O'hcr hosts by being ingested. Numerous 
species ol hjwerui are known inhabiting arthropods and all class of 
vertebrates but particularly domestic birds and mammals. 


2. llepato^oon. This genus parasitizes cells of the lung liver 
spleen, bone marrow, etc., of mammals and passes through schizogonic 
cycle in such tissues (Fig. 46). The gamonts penetrate red and white 
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blood corpuscles and do not develop further unless ingested bv blood¬ 
sucking invertebrates such as ticks, mites or leeches. Gamogony and 
sporogony begin in the invertebrate host and the reinfection of the 
primary vertebrate host is accomplished either bv ingestion of infected 
mites and ticks or by the bite of an infected animal. Hebatoozoon 
mans is a good example. 

®“ 5 ef . 5 - Haemosporidia. The Haemosporidia arc specially 
modified for parasitic life m the blood. 

There is alternation of hosts, asexual 
reproduction or schizogony takes place 

in the blood of vertebrates and sexual Jflyi 

reproduction or sporogony takes place in fern- 
the alimentary canal of some blood 
sucking invertebrates. They arc minute, 
usually intracellular parasites of red blood A 

corpuscles, showing motile amoeboid 
forms in their schizogonous cycle in the 
vertebrate host. Gamctocytes and dimor- /£ 1 

phic gametes arc formed but the micro- 
gametes have no flagella, as a rule, and \ 
move by lashing movement. The motile ^ B 
zygote is ookinete. After becoming 
encysted the zygote gives rise to a largegjff^»\ % 
number of sporozoites which arc intro -w \ ’vAam 

* duced into the blood of the vertebrate w Vs 

host. As they do not pass anv stage of 
their life-history outside the body of a 

host, the sporozoites are not enclosed COE 
within a resistant cyst. They parasitize all 

kinds of vertebrates—mammals, birds __ Fi 8* 46 .-Htpatozocn. A C, 

reptiles, amphibians and fish. A number "SZ&F.&i 13 ',*- fr “ 
ot them occur in man an^ crmiculc , E, F , Junambul i in 


m 


- ■ -— • - 

ot them occur m man and cause malaria. 


W w - I ^ 

leucocyte. (From Fauna of 
British India). 


Examples : Haemopro/cus , Plasmodium (Fig. 41), c tc. 

Sub-class 2. Cnidosporidia. Amoeboid trophozoites in which 

d, i S » S h ll J» I nc' t lo n f takCS P ^ thr °, ugh rcsislant s Porcs which are provided 
w.th one to four polar capsules. Each spore contains one to manv 
generative cells called sporoplasm and is covered by a shell of one 
peicc or bivalvcd or tnvalvcd. Each polar capsule is oval (resembling 
nematocyst) enclosing a spirally coiled filament that, under the ac on 
of digestive juices, discharges by turning inside n„t VJa l 
attach the spore to the intestinal wall till die amoeboid hndt Jc!? l<> 

" *■ ” t -'' - ■— Th/g.'” 1 ’?. 

“■ “ — 1 iXbS”M!: h 
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Fig. 47. Life-cycle of Hepato^oon /nuns. 

I, sporozoites pencilling the intestinal ti*suc of rat; 2, sporozoites pass into 
liver cells where only schizogony can take place ; 3—7, schizogony in the liver 
cells ; 8-9, schizozoitcs attacking more liver rcllsand repeating the cycle again 1 ; 
10 _I 2 , gamonts that can develop further only on reaching the intestine ot nek; 
13, gametes reach the intestine of tick ; 14, gametes fuse in pairs ; 15, fusion of 
gametes; 16, formation of ookinete; 17. ookinete penetrates into the tick s 
tissues where it encysts, 19—20 ; and begins to sporulatc 21 into numerous sporo- 
blasts 22b, each of which becomes a sporocyst 22d and 23 and sporulatcs into 
numerous sporozoites which develop further if injected mio the rat by the ticks 
bite, 1—12, development in the rat ; 13—23 cycle in nek (after W. Miller). 

call and urinary bladders, in which case they arc actively a moeboid; 
or they inhabit connective tissue or the cells of the gills, kidneys, 
liver spleen, etc. Thev arc mostly harmless to the host but may 
cause damaging tumour-like masses. Each large spore is enclosed 
in a shell made of two valves and contains two or four polar 

capsules. 
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Examples : i. L eptotbeca 
(Fig. 48A) with elongated 
pseudopodia at one end ; 
occurs chiefly in the coelom 
of fish and has rounded spores. 

2. Myxidium occurs 
abundantly in the gall and 
urinary bladders and kidneys 
of fish (sometimes reptiles), 
its spores have the polar cap¬ 
sules pointed at opposite 
directions. 

Other genera include 
Ctratonyxa (Fig. 48) gall 
bladder of fish ; and Myxo - 
bn/ns (solid organs of fresh 
water fish) attach. 



Fig. 48. The trophozoite of 
Ltflolktca (A) *nd Cnalomyxa (B) (after 
l)an») 


Order. 2. Actinomyxidia. The Actinomyxidia arc inhabitants 
of the coelom of fresh-water oligochaetes and marine sipunculids, but 
have not been reported in India. Each spore has its shell composed of 
three valves, which may be drawn out into simple or bifurcated pro¬ 
cesses. Each spore has three polar capsules and one to many amoeboid 
young or multinuclcatc mass. 


Examples: Triattmomjxtn (found in Tubi/ex), TttraMmmyxm and 
Hexacnnomyxon. 


Order j. Microsporidia. The Microsporidia are intracellular 
parasites typically of arthropods and fishes inhabiting almost all the 
types of tissues of the host and destroying them on an extensive scale. 
1 he spores are minute of simple form and structure containing a long 
coiled filament, representing a polar capsule of which the wall is missing. 
Some Microsporidia are responsible for causing devastating epidemics 
tn silkworm, honey-bees and certain fishes. 


Fie - 4 ’ > ' N - 


Subclass 3. Sarcosporidia. Typically parasites of the muscles 
l\st knownto'haT' of . mamm * 1 *> a ' ,h °u g h birds a n d reptiles are 


2ft. s tstss 

transmission are unknown. P h hfe-history and mode of 


Examples . 1. Sarcocyshs , (Fig. 50), the chief genus that para- 
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Fit!. 49. Various types of sporozoan .-pores. A, Utnneguya ; B, Cerotomyxo truncate i; 
C. ThlohnneUa ; D, Triactinomyxon ; E, Myxobo/us ; h. Lf(>lotb.ica, G. WostmO bombycty 
(from Fauna of British India afeer various sources). I, polar capsule ; 2, capsule 
forming cell ; 3, valve cell ; 4, zygote ; 5,discharged polar filament ; 6, valves ; 
7, trass containing gaments. 

sitizes the muscles and develops sarcocysts or cysts made of many 
chambers, the peripheral ones of which arc filled with crescntic 
spores. It produces a toxin resembling a bacterial toxin, which is 
fatal when injected in small mammals (mice, guinea pigs) but not 
so harmful to the host, it seems. 

2. Clobidinm inhabits the submucosa of the digestive tract 
and forms similar cysts ( sarcocysts) filled with fusiform spores. 

Subclass 4. Haplosporidia. Typically parasites of the body 
cavity or cells of various invertebrates, particularly annelids. The 
young parasite is an amoebula, which at first multiplies by fission, 
each daughter cell of which forms a multinucleatc plasmodium, 
which may divide simply or produce mcrozoites (schizogony) or 
may form simple spores mostly oval, sometimes with tails and 
open by a lid. 

Example: biaplosporodinw (in annelids). 
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CLASS Cl LI AT A 

Definition. The Ciliata are 
Protozoa distinguished by the 
presence of cilia throughout life: 
they serve for locomotion and ood 
catching Majority of them (excep¬ 
ting Protociliata and a few Euci- 
liata) possess two kinds of nuclei. 

General characters. Like 
flagellates the ciliatesalso have a 
definite permanent shape in most 
of which anterior end can be 
differentiated from the posterior. 
They are the most specialized of 
protozoa in having various aorg- 
nellcs to perform particular vital 
processes. This results in a divi¬ 
sion of labour between different 
parts of the organism, which can 
be compared to that between 
organ-systems in multicellular 
animal. The body cytoplasm is 
distinctly marked out forming 
ectoplasm and endoplasm. The 
ectoplasm is often highly differen¬ 
tiated into the pellicle and under¬ 
lying layers. The cilia arc short 


wM 






Fig. 50 . Sarcoeystis btancho- 
rdi. A, transverse and B, longitu¬ 
dinal sections of muscle fibres showing 
the parasite ; C, longitudinal sec¬ 
tion of the sarcocysr. 1 , muscle 
fibre ; 2, parasite; 3, cyst membrane; 

4, partition vails between chambers; 

5, spores, (from Fauoa of British 
India after various sources). 


lying layers. The cilia arc short J»*P or «»- ' from Fauoa of British 
filaments that spring from the lnd,aaf,cr ”" ou ‘ ,outc “)- 

Wi.,M d i e | S Pier , ce ,hc P elIiclc to come out - T he cilia occur in 
of movem«fa S d fl a i 80 n 1the «me structure and mechanism 
"enTth ITITrr i ' ^ dlflctcncc being that they are shorter in 

Sof TS f'!" ' hC,r baSal bodics ate not rcla,cd mitotic 
are oresent in ,, V ° f Z? typCS ,n mOSt cases and contractile vacuoles 

fouEh in fresh and sT, y “* c™ 5 "* SO,itary Swimming forms 
intestinah-n f CSh 5 nd saltwa,er - Some are commensal (Nrc/e/W an 

and a SttSMS ^,£££1? "it 

and ingest large prey and faWk^^ 1 ^ thC . ra P tonal that hunt 
obtain their food by means of ciliarur, CUrTC ~ L P roduc *ng forms that 

and the sexual process takes a peculiaTfo'rm^' rCproducc ascxual! >’ 
Encystment is widespread. P “ f known as con)ugatioo. 

TYPE PARAMECIUM 

are SSLV^SS 
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PELLICLE 


ECTOPLASM 


-ENDOPLASM 

_ TRICHOCYST 

- RADIATING CANALS 
CONTRACTILE VACUOLE 


CILIA 


fOOD 


MEGANUCLEUS 
MICRONUCLEUS 
ORAL—GROOVE 
CYTOSTOME 
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Fig. 51. Paramecium , from life. 

‘grown* in the laboratory in an infusion made by boiling a little hay 
or some wheat in water. They arc visible to the naked eye as elongated 
whitish spots. In general appearance Paramecium (Fig. 51) appears like 
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the sole of a slipper hence it is popularly known as the “slipper 
animalcule.” Because of ease of culture and rapid rate of reproduction 
they make ideal material for use in the study of many fundamental 
problems in general biology. 

The first description of Paramecium comes from a letter of 
Christian Huygens, the physicist, written in 1678. The name 
Paramecium was applied for the first time by John Hill in 1752 from 
the Greek paramekos t meaning oblong and Refers to the shape of the 
animal. Several species of Paramecium are known, most of them living 
in pools or ponds of fresh water, though a few live in sea water 
pools. All the species may be found in any part of the world. The 
small bodies of water in which they live must often dry up, but whether 
they can escape desiccation, as do*many other related organisms by 
secreting a resistant cyst about themselves, is not known. They arc 
however, transferred to new ponds or pools by some means, perhaps 
in cysts, or naked in drops of water, carried possibly by wind or on the 
feet of birds. They themselves provide food for various animals such 
as Didinium, another ciliatc and Podopbjra , a suctorian. 

1 hey vary in size. The largest species, Paramecium cauciatum , varies 
in length from 180 to 500 microns, while P. tntbium may be only 
60 microns long. The different species differ slightly in shape and 
structure. r 

Structure. The shape of the body is definite and constant 
•because the body is covered by a thin but firm and flexible outer 
covering, the pellicle, secreted by its outer surface. It is elon¬ 
gated, more or less flattened rounded at one end and bluntly 
pointed at the other presenting a good example of a streamlined 
tpTm. The rounded end is directed forwards during locomo¬ 
tion and is therefore termed anterior, whereas the pointed end 
is posterior. The terms “anterior” and “posterior” arc used for 
convenience only because occasionally the animal reverses its direc¬ 
tion of movement. 


A closer examination will reveal that the body cytoplasm is 
diMSible into a semifluid granular interior, the endoplasm and a 
aT °“«r layer, the ectoplasm. The ectoplasm is 

Rnnnin! 8h K y i d ‘ ff ' re . m,Jted focm mg 'he pellicle on the outer surface. 
Running below it in a longitudinal direction occur contractractile 

f ’1 j' my ,° ne T e ^ b , y whose diffcren 'ia! contraction the shape 

fmnrrn°V!| 1,md 'j U L nde ' higher magnification the pellicle reveSs 
a pattern of depressed hexagons bounded by ridges, with a ciUum 
projecting from the centre of each depressed area (Fie J Beneath 
the pellicle each cilium is connected to a basal”granule The basal 
e nU “ aie » b ? 5 CODneCted . wi 'h each other by longitudinal fibril 
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Fig. 52. Surface of Paranueium 
with trichocysts. 1, ciliurr ; 2, 

hexagonal depression on the surface; 
3. opening through which the 
richocyst is discharged ; 4, longitudt- 
tnal fibril ; 5, trichocyst ; 6, basal 
granule ; 7, transverse fibril (after 
Lund). 


bodies the trichocysts. These 
bodies reach the surface through 
minute pores in the pellicle 
(Fig. 52). On being stimula¬ 
ted by chcmcial or mechanical 
means the trichocysts discharge 
to the exterior as line elonga¬ 
ted filaments. Its method of 
discharge is not clearly under¬ 
stood. As the trichocysts are 
discharged when they are 
touched by injurious chemicals 
(Fig. 53) or when attacked by 
an enemy it is concluded that 
they are protective in func¬ 
tion. It has also been suggested 
that the trichocysts serve' to 
anchor the ciliatc while feeding 
on bacteria. 


There is evidence from 
work on other Ciliophora that 
the basal granules arc an essen¬ 
tial part of the mechanism by 
which the ciliates reorganize themselves periodically. They arc con-* 
ccrncd with the development of cilia and ncuroncmcs, and they 
also produce, by division, the granules which become the tricho¬ 
cysts. Specific basal granules play a part in the development of new 
individuals by fission, and in the regeneration of fragments. The 
basal granules arc responsible for the organization of structures 
such as the gullet. Basal granules arc always produced from pre¬ 
existing granules and never arise de novo. Their behaviour is pro¬ 
bably controlled by the nucleus. 


From the anterior end a shallow groove extends diagonally back 
about halfway along the lower surface. This groove is called the oral 
groove (Fig. 51) at the base of which opens the cell-mouth or 
cytostomc. It has got two longitudinal undulating membranes formed 
by the fusion of cilia. From the cell-mouth extends a tubular gullet, the 
cytopharvnx, ending in the endoplasm. Just behind the cytopharynx 
there is a'minute point through which unabsorbed remains arc passed 
off. This is the “cell-anus” or cytopyge. 

In the endoplasm are embedded two nuclei. They differ in size^< 
and appearance, and also in function. The smaller one or the micro- 
nucleus is lodged in a depression at one side of the larger nucleus called 
the meganucleus. The mcganucleus seems to control the ordinary 
“vegetative” activities of the animal while the micronucleus is concerned 
with reproduction. In the endoplasm are food vacuoles of various 
sizes containing material undergoing digestion, whereas, towards each 
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cysts. 


Tig. 53. Paramecium with discharged tricho- 


end of the cell-body there 
is a large clear contrac¬ 
tile vacuole. Jn the 
green paramccium, P. 
bun aria , the endoplasm is 
filled with zoochlorcllae, 
and fat drops. The 
zoochlorellac arc sym¬ 
biotic. They utilize the 
carbon dioxide and the 
nitrogenous and phos¬ 
phorous wastes of the 
host and in return furnish 
oxygen and synthesized 
food and may even be 
digested by the host in 
times of hunger. 

Locomotion. Paramecium has put on speed because of the deve¬ 
lopment of a large number of cilia as locomotory organs. About twenty 
five hundred cilia cover the small body of Paramecium . The cilia do 
not beat all at once, nor they move independently of one another, but 
they move in a remarkable rhythm known as mctachronal rhythm 
(Pig- 54). T his rhythmical, vibratile movement of the cilia propels the 
animal-through the water. Ordinarily the movement of cilia is so fast 
that all we sec is a flickering at the edge of the cell-body. The wave of 
the ciliary movements begins at the front end and progresses backward. 
If circumstances require the bending of cilia may be reversed and move- 
ment in the opposite direction effected. There is one more characteristic 
ot the ciliary movement. They move obliquely backwards (and not 
straight backwards as expected). The oblique stroke of the cilia during 
the mctachronal rhythm causes the animal to revolve on its long axis so 

that, as * swims through the water it continually revolves forming a 
spiral path (Fig. 54B). b 

/p-„^ Clab ° ralC $yStCm of fibrils > callcd thc neuromotor system, 

tudf nil fibriUrin? 1 t0 -i C ;°* 0r ru at . C J hC ciliar y action ‘ !t consists of longi- 
Sn earb 1°w 1 f fy f,bnls) that conncct thc basal granules of the 
and extendi!^" 8 f m L F ° W runnin § in thc <*'oplasm below the pellicle, 
and extending up to the cytopharynx. They kre also connected bv 

aToV^^the a rotorb,m brn " ^ " Cu ~r system is connected to 

xclatively larger cilia whieWe ' Th ®,°. raI | r l ? 0 . ve 1S P rovided with 
6 arranged m defimte tracts and direct 
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Fig. 54. A. enlarged sketch of some cilia showing how they beat in co-ordinated 
waves to drive the Paramecium forward. B, the animal swims in a spiral manner 
so that the asymmetrical body moves on a direct course (B, after Jennings). 


the food down to the cytostome. These ciliary tracts were formerly 
called the undulating membranes. The food particles (bacteria) are 
whirled around by the special ciliary tracts and are concentrated into- 
balls at the bottom of the cytopharynx. The finished ball them passes 
into the endoplasm as a food vacuole. Within the endoplasm the 
food vacuole moves more or less in a definite course (Fig. 56) by a. 
slow circulation of the semifluid cytoplasm and in the mean time its 
contents undergo digestion. Unabsorbcd remains, arc cast off at 
the cell-anus which is sometimes called the potential cell-anus beca¬ 
use the protoplasm is' exposed here only at the time of dcfaccation 
and not permanently as at the cell-mouth. 

Respiration and Excretion. Respiration and excretion take 
place by diffusion through the surface and arc essentially the same 
as in all other animals, i.e. oxygen is taken in and used for the 
burning of food; and carbon-dioxide, water and nitrogenous wastes are 
given and off. 

Osmo-regulation. Two contractile vacuoles regulate the water 
content of the body of Varamuium. They occupy rather fixed positions 
(unlike the roving type of Amoeba ), one being anterior and the other 
posterior. The contractile vacuoles of Paramecium have more complex 
structure than those of the amoebas. Each vacuole is surrounded by 
a number (6 to u) of minute canals (Fig. Ji) that radiate from the 
vacuole for some distance into the cytoplasm. At short intervals these 
canals fill with fluid and then discharge their contents into slowly 
growing vacuole which finally ejects the fluid to the exterior. The 
contractile vacuole of Amotba is apparently a temporal- structure which 
reforms before each contraction; but in Paramecwm the vacuole canals 
and the pore through which the vacuole discharges are probably per¬ 
manent structures, even though the vacuole is probably not. A permanent 
pore presumably constitutes a weak spot more liable to form an opening 
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than the rest of the body surface, and 
notan actual opening. Contractile 
vacuoles also appear in a large num¬ 
ber of marine and parasitic ciliates, 
but the rate of output of fluid is 
much lower in marine than in fresh¬ 
water ciliates of the same size. Exact 
function of the contractile vacuoles 
of the marine and parasitic pro¬ 
tozoan is still unknown.' In Para¬ 
mecium the contractile vacuoles can 
eliminate a volume of water equiva¬ 
lent to its body volume in about 
half an hour, as compared with four 
to hirty hours required by an 
Amoeba , though the rate of discharge 
depends upon several other factors. 
It varies with temperature, rise of 
temperature leads to an increase of 
frequency of discharge. The rate of 
discharge is also higher in an inac¬ 
tive animal than in one that is 
swimming about; and is higher in 
water with a scant supply of 
dissolved salts than with stronger 
concentration. 

Behaviour. The reactions of 
Paramecium to conditions in its 
environments arc interesting. It is 
certainly sensitive to conditions 
of light intensity, concentration 
of oxygen and carbon dioxide, 
and to other chemical substances 
in the water. Its responses to 
tactile stimuli are, perhaps, worthy 
of special mention. If during its 
free swimming activities it bumps 
into obstacles in its path, the action 
of its cilia are immediately reversed 
it turns to a side and goes off in a 
new direction. The set of move¬ 
ments in which the animal turns 
back and swims off in a new 
direction is called avoiding reaction 
(F*g- 57 )- If a second obstacle comes 
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Fig. 55 .—The Neuromotor system 
ot rcromtdum. 1, prcoral suture; 
2. radial cytostomial fibrils ; 3, 
circular c>tosiomial fibril ; 4 , posteri¬ 
or end of penniculus; 5 , circular 
oesophageal fibril; 6. oesophageal 
pr ocess ; 7 , postoral suture ; 8, 
longitudinal body fibril; 9 . Cytopyge ; 
10, antenor end of penniculus; 11, 


15 , longitudinal oesophageal fibrilb ; 
lo. opening of oesophagus; 17 , 
paraoesophagea 1 fibrils ; 18 , posterior 
neuromotor chain; 19 , posterior 
oesophageal fibril (after E. Lund). 

in the way the same set of move- 


1 J. A. Hitching ( 1938 ) Biol Review, V .L 13 
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mcnts is repeated. Mechanical obstacles, 
excessive heat, excessive cold, irritating 
chemicals, unsuitable food, a predace¬ 
ous enemy, all elicit the avoiding 
reaction, which may be said to consti¬ 
tute most important of the behaviour 
of a paramccium. 

Paramecium is also known to learn 
by trial and error reactions. In its 
constant movements Paramecium may 
swim by chance into a region rich 
in bacteria. Each time it crosses, 
the boundary of this region into a lesj 
favourable area, it gives the avoiding 
reaction, in other words it avoids 
getting out of the favourable ^jTrca. 
Often Paramecium begins to it react 
negatively before getting iitj *.0 the 
unfavourable surrounding. * The 
beating of cilia in the oral ; t groove 
draws a constant current of water to¬ 
wards the oral groove in the/ form of 
a cone. If there is an irritating chemical 
in the water ahead or if the tempera¬ 
ture of water is disagreeable, a portion 
will be drawn to the oral groove in 
advance. Such ‘advance information* about the environment ahead. 
enables the animal to avoid the unfavourable region without actually 
entering it. 



Fig 56. The course of food 
vacuole in Paramecium. I, cc ji. 
mouth ; 2. cell-anus • 3 , ( OCi{ \ 

vacuole i 4. 4\ 4” 4-, various 
stages showing digestion of the food • 
5, contractile vacuole. ’ 


The ability to discriminate between foods is very poorly developed 
in paramecia. They readily take in and make food balls of almost 
any minute particles, such as carbon grains, dye suspensions and 
the like. After a time, however, they start rejecting such inert particles 
while keeping on accepting bacteria. Paramecia avoid strong acids, 
but they give the avoiding reaction when passing from dilute acids 
to ordinary water, and therefore tend to aggregate in regions of low 
acidity. This behaviour aids the animal in feeding, because bacteria 
are most likely to be present near decaying organic matter which makes 
the water slightly acid. For a small animal devoid of any sensory 
mechanism, as it is, Paramecium is remarkably adaptive. 

Reproduction. Commonly Paramecium reproduces by transverse 
binary fission (Fig. 59). The micronucleus divides first mitotically 
and the two daughter nuclei move toward opposite ends of the cell 
and then the meganuclcus divides probably amitotically. Then the cell 
body divides by a transverse constriction into two daughters. The 
front and the rear halves of Paramecium are not exactly alike, but 
even before separation occurs, each half forms the parts necessary for 
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a complete individual. Thus the gullet, which 
is behind the middle, falls to the rear daughter, 
the front daughter, early in the process of 
division, forms a new gullet. The resulting 
daughter individuals arc equal in size, each 
carrying a set of organelles, and grow to full 
size before fission sets in again. Fission takes 
about two hours to complete and may occur 
one to four times per day producing two to 
sixteen individuals. All individuals produced 
by fission (uniparental reproduction) from a 
single individual are known collectively as a 
clone. The rate of multiplication depends on 
several factors important of which are tempera¬ 
ture, availability of nutrient, age of the culture, 
population density, etc. Internal factors of 
heredity end physiology also influence multi¬ 
plication. Observation on the descendants of a 
single ?aramnium t carefully isolated, have 
shown that fission may continue for several 
months or even years. But by the end of that 



r>5 57. Avoiding. 
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Fie 59 Binary fission in Paramecium. A, mature adult ready to divide; 
n.n the micronucleus divides mitotically and moves towards opposite ends ; E, 
uclcus I>rC parcs to divide ; F-G, meganucleus divides amitotically and also 
{Jc cell body ; H, two daughter paramccia separate. 

time the individual descendant is found to be changed, their vigour 
diminished, their nuclei and protoplasm showing signs of decay and 
eventually death seems inevitable. In some species, however, it has 
been suggested, multiplication may continue indefinitely if conditions 
in the environments remain favourable. 


Conjugation. Usually the continued multiplication by fission 
of Paramecium is interrupted by a temporary union of two individuals, 
a process known as conjugation (Fig. 60) the individuals taking part 
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in conjugation are termed con)ugants. The con|Ugants become sticky 
and adhere to one another by their oral surfaces, and a protoplasmic 
bridge forms between them. In this condition the conjugants keep 
on swimming freely while certain internal changes take place. The 
exact details of these changes arc not easy to observe and timer accortnng 


to species. 

The micronuclcus becomes very active and separates from the 
meeanucleus which remains unaffected at first, but eventually disinteg¬ 
rates and disappears into the cytoplasm (60 B, C). 'I he micronuclcus 
enlarges (its chromatin content increases) and divides twice mitotically 
forming lour daughtcr-micronuclci. During these divisions, it has 
been suggested, there is a reduction in their chromatin content. Three 
of these degenerate, the remaining one divides again forming two nuclei 
of different potentialities. These are known as gametic nuclei or 
pronuclci, two of which arc in each conjugant. Of these one is the 
stationary or female daughter micronucleus or pronuclcus and the 
other is the wandering or migratory or male pronuclcus. The 
migratory pronucleus from each conjugant crosses the protoplasmic 
bridge into the other where it fuses with the stationary pronuclcus form¬ 
ing a fusion nucleus called synkaryon (Fig. 60 E). The essential feature 
of conjugation is an exchange of micronuclear material and nuclear fusion. 
The two conjugants now separate and arc known as cxconjugants 
{Fig. 6oE) and by appropriate divisions the nuclear conditions typical 
of the species arc restored. The subsequent changes differ in different 
species, for instance in Paramecium raudatum the fusion nucleus (synkaryon) 
undergoes repeated divisions so that each exconjugant contains four pairs 
of nuclei. The cytoplasm then divides forming four new individuals, 
each with two nuclei, one of which enlarges to form the mcganucleus and 
the other becomes the micronuclcus then these individuals multiply by 
binary fission producing different clones. 

In the process of conjugation two individuals arc involved where¬ 
as in binary fission only one participates. But the progeny of conjugation 
arc not direct product of the fusion because after conjugation 
each individual continues asexual fission. It thus appears to be a process 
meant to rejuvenate old stocks which otherwise would die out. But 
as some dilates can propagate indefinitely by binary fission without 
conjugation some people do not agree with the above view. However, 
the net result of conjugation is like fusion of gametes in other animals and 
provides for hereditary transfer as the two cxconjugants are genetically 
altered by the exchange of micronuclear material. Thus, the nuclear 
changes can be compared with fertilization in Metazoa, other possible 
effects of conjugation have been the subject of endless argument. • 

It has been shown for several species of Paramecium that conjugation 
occurs only between individuals of two kinds (differing in some less 
known ways). Members of the same clone will not conjugate together. 
It has also been found that in a species several mating types arc found that 
can be classified in groups. The mating types within each group con- 
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Fig. 60. Conjugation. A, two paramecia come in contact ; It. the mcganuc- 
leus tends to disappear and the micronuclcus tends to divide ; C, micronucleu* 
divides twice producing 4 daughter nuclei ol which three degenerate and the fourth 
(divides again ; D, the migratory pronuclcus of one conjugant passes into body of 
he other ; E, fusion nuclei formed, the two conjugants now separate ; F, s>nkar>on 
undergoes repeated division forming four pairs of nuclei; G—I’, the exconjugant 
divides into tour daughter cell, each forming a fresh individual, 
jugate with each other but not with the types ot another group. Each 
group of mating types has characteristic conditions of temperature and 
time of day when conjugation occurs. 

Autogamy. The entire process of autogamy takes place inside 
the body of a single animal, without the cooperation of another individual. 
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The end result of autogamy is the establishment of a new nuclear apparatus 
from products of the division of the micronuclei, two of which fuse to 
form a synkaryon. The old micronucleus fragments and dis¬ 
appears during the process. Two divisions of the synkaryon produce 
the new nuclear complex. 

An exceedingly close parallelism exists between the events of 
autogamy and those of conjugation (which, however, involves two 
animals, not one as in autogamy). Whenever conjugation is found in 
a culture, autogamy is likely to be taking place. Simultaneously and 
conversely, when no conjugation is occurring in a culture autogamy is 
unlikely to be seen. Apparently the same conditions, be they environ¬ 
mental or intrinsic, which induce conjugation likewise induce autogamy 


The two characteristic vesicular micronuclci of the species arc usually 
located near the macronucleus, often in a depression on its surface. First 
the micronuclci become larger—the material between endosomc and the 
membrane increases and the two look a good deal like small food vacuoles. 
At the next stage these two change to form thin thread-like crescents 
(U-shaped), some may even be straight. The mitotic division of the 
nuclei then begins. The four nuclei produced by the first division con¬ 
tinue to divide without reverting to the resting stage. The eight nuclei 
produced at the end of second division are at first all alike. After a time 
a variable number of them degenerate and the others prepare for third 
division as a result of which potential gametic nuclei arc produced. 
The number varies depending upon the number of nuclei which have 
completed the third division. Two of the gametic nuclei, which arc 
nearest the mouth region, fuse to form the svnkaryon. The others 
degenerate rather quickly. 

By this time a peculiar cone like bulge appears on the surface of the 
autogamous animal, slightly to the right and anterior to the mouth. 
Because of its position it is called the c paroral cone.' The gametic nuclei 
arc at first elongated spindle-shaped bodies that stain faintly. Often 
there is a slight size difference between them so that they may be 

Zh^ Cd A° a$ ( sma,lcr ) and 'fcnialc* (larger). They approach each 
other and come to lie together. By this time the synkarvon has moved in 

ntnthr P K r °? may "' ilhdraw the paroral cone 

into the body and divide. By this time the old macronuclcus is pretty 

Thl fI!! nICgra n d an j ltS fra S ments choke U P ‘he interior of the cell 

the • Sma P r ° dUC ' S ,°f th,s dlv,sion arc >11 Of the same size. Soon 
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also divide and pass two .0 ealhdaughter ”nand^’the oldm^o 0 " 11 ^' 
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Fig Cl. The diagram above shows 
the phenomenon of Endomixis while ihc 
one on the side represents the nuc lcar chan¬ 
ges during Autogamy in Paramecium aurelia 
(after Dillcr). A, normal individual 
about to enter autogamy ; B, first prez>gouc 
division two micrenudei produced ; C, 
second prc.t)goiic division 4 micronuclei 
produced ; D, eight micronuclei pro¬ 
duced ; E, paraoral protoplasmic cone 
formed into this enter two gamete nuclei ; 
F, potential gamete nuclei arise after third 
division, G, the gamete nuclei fuse as 
svnkarvon ; H, first postzygotic division ; I, 
second postzvgotic division, J, four pro¬ 
ducts of the second division, two transform 
into the new macronuclci and two remain 
micronuclei ; K, macronuclcar anlagen 
well dcvcloj cd, the first cell division under 
wa>, the micronuclei arc dividing ; L, 
macronuclcar anlagen separated to the 
two daughter cells, old macronuclcar 
fragments disintegrating. 


The macronuclcus does not change when the first autogamous 
micronuclcar division takes place. At the time of the second micronuc- 
lear division it flattens and bends into a curved disc. \\ hen eight 
micronuclei have been formed it elongates in an antcro posterior direction 
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and it also shows certain white longitudinal streaks. The fissues along the 
streaks become deep and cut the macronucleus into a tangled skein or 
contiunous ribbon. This breaks up into pieces at about the time the 
gametic nuclei are formed. The breaking up completes by the time the 
synkaryon undergoes first division. At the time of the division of the 
cell they are segregated in approximately equal numbers to the two 
daughter cells sooner or later they become spherical and arc gradually 
resorbed into the cytoplasm. 


Throughout the process of reorganization the macronuclear and 
micronuclear behaviour is correlated fairly closely, so that it is often 
possible to predict what the micronuclear condition will be, from an 
inspection of the macronuclcus. 

Endomixis. Another similar phenomenon of nuclear reorganization 
and replacement of mcganucleus has been observed inP. aurdia. This 
is known as endomixis (Fig.61 ). The nuclear changes in endomixis 
resemble those in autogamy, but a nuclear fusion appears to be lacking. 
In endomixis the old mcganucleus fragments and dissolves and each 
micronu clcus divides twice. Of the eight daughter micronuclci thus pro¬ 
duced six or seven degenerate. The surviving nucleus or nuclei by one, 
two or three divisions reconstitute the new nuclear complex. The 
paramccium usually divides by fission each daughter receiving a micro¬ 
nucleus, which divides twice and two of the four in each animal become 
mcganuclci. Then each of these daughter paramccia divides along with 
its micronuclcus yielding four normal individuals. Endomixis has also 
been observed in other species of Paramecium. In P. aurelia it commonly 
occurs every 25 to jo days, following some decline in the rate of fission 
and in P. caudatum it occurs every 50 to 60 days. In other ciliates 
such as Didinium , Spathidium , Di/eplus , Stylonychia , etc., endomixis takes 
place only in the encysted state. 


This complicated process of nuclear reorganization was described 
by Woodruff and Erdmann (1914) in Paramecium aurelia . This process 
is characterized by the gradual disintegration and absorption of the 
macronucleus into the cytoplasm, a simultaneous multiplication of the 
micronuclei, the origin of a new nuclear apparatus from one or two of 
the resulting micronuclei, the absence of a third micronuclear division 
which in conjugation forms the gametic nucleus, and the nonformation 
of the synkaryon. DiUer (1956) has not been able to confirm such a 
micronuclear behaviour in P. our,tin. "In the failure of Such a verifica¬ 
tion I am inclined to deny the existence of endomixis as a vuid reorganiza¬ 
tion process. I feel that Woodruff and Erdmann have combinedmges 
of hemixis and of autogamy into one scheme ‘endomixis 1 overlooking 
the maturation and synkaryon stages in autogamy." (Diller) ° 

KiUet. Sonneborn discovered that certain strains of Varamtdum 
aurelia liberate into the medium in which they Uve a poison which kills 
other strains of Parameriun,. The former be called -killers” the 
latter sensitives . The filers are resistant to their own poison, which 
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has been called paramecin. Killing takes place slowly, the sensitives 
taking about two days to die. The killers arc also found in nature but 
perhaps they are not effective. • Probably the paramecin set free is diluted 
very much to have any etfect. 

Because the process of killing is slow it is possible to get conjugation 
between killers and sensitives. If each exconjugant is cultured separately, 
the killer exconjugant is found to give rise to killer cultures and the 
sensitive to sensitive cultures. Usually there is no exchange of ‘killer* 
properties (killer factor) but in prolonged conjugation exchange of cyto¬ 
plasm takes place, and the killer factor gets carried into the sensitive 
which then produces a killer culture. This has been worked out success¬ 
fully by Sonneborn. 

Killers remain killers only so long as they reproduce slowly. When 
cultures are fed abundantly and multiply rapidly, the capacity to kill is 
gradually lost. The only reasonable explanation of this is that the rate 
of increase of the hereditary basis for killing tails to keep pace with the 
rate of increase of Param^um until finally the paramccia produced are 
without the factor for killing. 

• 

Hcmixis. Diller (1956) noticed certain methods of nuclear reor¬ 
ganization in mass cultures of P. aurrfia , which cannot be explained 
under conjugation or autogamy. These essentially include simple frag¬ 
mentations of the macronucleus not correlated with any special micro- 
nuclear activity. The most apparent purpose of conjugation and'of 
autogamy is the creation of a new nuclear complex in the animal. The 
method adopted is quite circuitous. But in the processes under reference 
only macronucleus takes part without the intervention of exceptional 
micronuclear activity. Such scries of autonomous changes which the 
macronucleus undergoes in vegetative life, exclusive of those ot normal 
binary fission arc known as hcmixis. It denotes activities intermediate 
in complexity between binary fission and autogamy. 

In binary fission during division the macronucleus undergoes a 
series of rather complicated and regular changes so that its division 
is very regular and exact. Such macronudcar changes arc not involved 
in hcmixis. The hcmictic divisions may be of any of the following 
types: (a) There may be a precocious splitting of the nvacronuclcus into 
two or more parts,* the micronuclei remaining unchanged. (') Here 
the macronucleus docs not split into fragments but extends parts of its 
substance in the form of chromatin balls in the cytoplasm, the remainder 
of the macronucleus behaves normally at the cell division. The number 
of these balls is variable (1—20 or more), (r) The macronucleus splits in¬ 
to two (occassional'y more) major portions and at the same time extrudes 
part of its substance as chromatin balls. (</) The macronuclcus may 
lose its identity by fragmenting into small pieces which eventually dis¬ 
appear from the cell. The micronuclci also disappear before the macro- 
nuclear fragments do. Thus, individuals without nuclear apparatus 
appear They undoubtedly represent pathological condition, but they 
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show certain similarities to the other types of hemixis as such they have 
been included in the scheme. 




Fig. 63. Voriicttla. a, bell ol Vorlietlla ; b, diic, 
surface view I, cilia ; 2, peristome ; 3, cytopharynx ; 4, 
meganuc e s ; 5, micronucleus ; 6, contractile vacuole ; 
7, food vacuoles ; 8,medulla ; 9, cortex ; 10, stalk. 

c, Vorlictlla compannlo (after'Roux). 1. vestibule; 
2, contractile vacuole ; 3, m ganucleus ; 4, contractile 
stalk 



TYPE VORTICELLA 


VortiecUa (Fig. 65) is the common type of stalked ciliates. It is 
found in abundancc'in fresh water—it is hardly possible to examine 
the water of a pond without finding the vorticcllids. It also abounds 
almost in all laboratory cultures. They are attached to any aquatic object, 
plant or animals. They maybe found attached to various aquatic plant 
leaves or stems, or to mollusc shells, or even to several of the living 
oligochactcs. Some species ( V.coni'all aria) are only found in stagnant 
water or infusions. Some {V. microstoma ) arc common in soils and 
sour infusions. 

Structure. The animalcules have a small bell-shaped, oval or 
companulate body attached to the submerged objects by a slender stalk 
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enclosing an elastic, spirally disposed contractile axial fibre. The axial 
fibre or the spasmoneme of the stalk consists of a band of myonemes 
enclosed in a larger sheath, continuous with the pellicle of the bell, and 
fastened in a spiral course to the inner surface of the wall of the stalk. 
When undisturbed the bell is poised fully expanded on the end of the long, 
straight stalk with cilia in rapid action. The least distuibancc causes the 
stalk to contract like a coiled spring, while the bell also contracts, folding 
its edges over the circlet of cilia (Fig. 63 c). 

The anterior end forms a broad circular disc, the peristome which 
may be flat or bulging. The disc is separated by a groove from a collar 
or lip (Fig. 63 a). The cilia are restricted to a certain area that is known 
as the adoral zone (conducing to the oral aperture). On the body 
there are no cilia. The adoral zone of cilia consists of two parallel ciliary 
g'rd'cs xvh ,ch fun round spirally to the left (contra-clockwise), one of 
which descends down into the vestibule or the pullet. The outer girdle 

ZZSfiZl 5 ' n " c t°w ofciljjTFig. 6 j «) fused to form the outer peris- 
? membrane wWch projects out radially over the pension, ial 
border forming a kmd of circular shelf. The inner circlet 

kccntun'a'r n «‘ S d ,° Ul> ^ Cons,stin g of two rows) in some species and 

a large cavity, the vestibule, where 
the disc is raised considerably 
above the collar, with the result that 
the beginning of the adoral zone is 
higher than its end. The vestibule 
continues in the interior as a funnel- 
shaped cytopharynx. The arrange¬ 
ment of the ciliary girdles is such that 
their constant beating, guided by the 
actions of pcristomial membrane, 
drives food particles into the vesti¬ 
bule through which they pass into 
the interior to form food vacuoles, 
which take a definite course in the 
bell. In Carchtsium , according to 
Greenwood, the food yacuoles pass 
down to one end of the macronuc- 
lcus and then move close along its 
concave surface to the anterior end 
ol the nucleus where dcfaccation to 
the vestibule takes place. 

The pefKcle of the bell is often 
tions and in some species of MrJSTkT. 1 *. parallel 

nor of the ceil-body Stains to 



• Fig. 64. Path of food vacuole. 
I, cytopharynx, 2 . digestive zone ; 
3, macro-nucleus ; 4, dcfaecaiion 

zone. 
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Fig. 65 . Reproduction in Vorlieella. -A—C, fission ; D. conjugation. 

nuclei. The larger mcganucleus is elongate band-shaped or horse¬ 
shoe-shaped structure whereas the micronuclcus is minute situated close 
to the mcganucleus. A single contractile vacuole is situated to one side 
of the vestibule and communicates with a small reservoir which opens 
into the vestibule. On the side of the vestibule there is a weak spot, 
the potential cell-anus or cytopyge, through which useless debris is 
discharged into the vestibule. 

Osmo-regulation. The more or less fixed type to spherical con¬ 
tractile vacuole of VorticeUa regulates the water contents of the animal 
as in Amoeba and Paramecium. The water discharged to the exterior 
by the vacuole may contain a small amount of metabolic wastes and 
respiratory gases, but the specific role of the contractile vacuole has been 
established to be regulation of water content. 

Reproduction. Reproduction takes place by simple binary 
fission which is apparently longitudinal (in other ciliates fission is 
transverse). But this appears so because of the special modification 
of the body. The oral side represents the morphological dorsal- 
surface and the aboral side is the ventral surface. At the onset of' 
fission the collar closes over the peristome and the elongated mega¬ 
nucleus becomes oval. The peristome then shows a vertical constric¬ 
tion which rapidly extends to the stalk. One daughter develops a 
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posterior girdle of cilia and swims away. Later it develops a new 
stalk and gets attached. Vorticellids also put out such a posterior 
girdle of cilia, under unfavourable conditions, cut off from the 
stalks and swim away. They develop stalks on the return of 
favourable conditions. This process also helps the dispersal of the 
non-locomotive species. In many species of Zootbamnium (colonial 
stalked cihate) the zooids are dimorphic. The ordinary bell-shaped 
forms divide in the usual way and remain attached to the parent 
stalk forming complex colonies. Besides these there are large globular 
and mouthless zooids that develop posterior girdle of cilia, detach 
from the parent and swim off. They settle down at new places develop 
stalk and produce new colonics by their multiplication. 

Conjugation takes place in Vortuella between one of the stalked 
individuals, which acts as a macrogamctc, and a free-swimming small 
form serving as microgamcte. The small conjugants (microgametes) 
arc produced through several divisions of fixed bell-shaped individuals. 
I hese attach to the sides of the usual bells and some nuclear changes 

travels , J Chan K" 1 ™«onucleus of the microgamete 
thVcnJS "Mcwgamete and adds to its nuclear apparatus. After 
the completion of this process the microconjugant shrivels and dies. 

CLASSIFICATION 



k^cit 13 2 afC dl , Vldcd into two subclasses and several orders. The 
basis of the present-day system of classification of the Ciliata was first 
suggested by Stein in 1857 and with various modifications the same is 
fo owed today Stein divided the Ciliata into four orders £ Solo. 

S jb*’ Hypotricha. Peritricha and today these are still 
Kahfand ° rt * eis or suborders. Here modifications as suggested by 

Sub-class . ProtocilJata. Parasitic CiUau in which the cytos.ome 

• IS absent liquid food being absorbed over the 

whole surface. Oval or elongated body is cylin- 
drical or flattened and is covered uniformly with 
cilia arranged in longitudinal rows. Contractile 
“ ‘ S abs '? t * \ non-contractile excretory 
anal s present in a few species. Two or many 

lentil DU i C C1 pt , eSent not showin g any diffe- 
' ” AS “. Ual "Production takes place by 

plasmotomy and sexual by gametes fnnl.mV 

<■«—«r a 



Stylonycbia 


Didiniton 


_ . Lacrymarta 

Prorodon 

Fig. 67. Some common ciliate* (from Prasad and Varma). 

small. Cilia arc equal-sized and uniformly arranged in longitudinal 
rows all over the surface. There is no contractile vacuole They ency.^ 
and pass out of the host. Swallowed by a ttdpoie they hatch n 
R ive rise to uninucleate gametes of two sizes After fusion of 
eametes the zygote encysts, for a while, issues and by nuclear division 
becomes the adult agamont, which after a period of rest and grow h 
becomes matured adult. The zygote may again encyst and pass out to 

infeC Su^ h l C ass“ d Eu^iiaW. The Ciliata with dimorphic r.uc’ei (a mega- 
nucleus and a micronucleus) >nd with a feeding apparatus c o nSlStin 6* 
in maiority of a mouth or cytostomc followed by an oesophagus o 
cytopharynx leading into the endoplasm. Conjugation is quite fluent. 
Forms, usually free-living, some are commensal and a few others 
parasitic. The subcalss is divided into four orders. 
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Fig. 68. A, Balantidium htltnat (from Prasad and Varma, after dc Mello). 1» 
peristome ; 2, contractile vacuole ; 3, micronucleus ; 4. meganucleus. B, Njclolherut 
maeropharyngtus (from Prasad and Varma, after de Mello). 1, mcganucleus; 2, 
micronucleus ; 3, gut (coiled) ; 4, food vacuole ; 5, contractile vacuole ; 6, anus. 

Order i. Holotricha. The Ciliata in which the body is uniformly 
covered with cilia arranged in longitudinal rows or the cilia may be res¬ 
tricted to some areas. The cilia are all alike in size and form, although 
some may unite to form an undulating membrane. Cytostome is usually 
present (except in suborder Astomata). Cytostome may be simple 
opening leading into a tubular cytopharynx and without special cilia or 
membranes (as in suborder Gymnostomata). In some cases (suborder 
Trichostomata) the cytopharynx is provided with free cilia whereas in 
others (suborder Hymenostomata) it is provided with membranes. 
Some forms bear a contractile proboscis. Spines and caudal filaments 
arc present insome forms. Nutrition is holozoic or parasitic (in Astomata.) 
Reproduction by transverse fission. Encystment is common. Found in 
fresh water, brackish water, or, less commonly in sea water. Some forms 
are parasitic. 


Examples: Prorodon, Lacrj maria, Didinium (Fig. 67), Spa/bidium 
Paramecium, Colpoda, Dileptus , etc. 

Order 2. Spirotricha. The Ciliata which possess a row of differen¬ 
tiated groups of cilia known as the adoral zone of membranelles, ex¬ 
tending from the anterior end of the body to the cytostome. The order 
is variously divided in different texts, here only three groups will be 
considered. One m which the body is clothed with short cilia is known 
as suborder Heterotricha. In the other (suborder Oligotricha) the body 
ol.a are greatly reduced or absent, and the adoral row of membranellc 
encircles the circular raised or depressed peristome occupying 
the anterior end and baring rite mouth opening. Whereas the third 
group (suborder Hypotricha) includes many of the most common and 
familiar marine and fresh water abates with a marked differentiation of the 
ventral surface for creeping. The dorsal surface is mostly devoid of 
aha or bears only stiff, presumably sensory bristles. The ventral surface 
lacks ciba and is provided with cirri. 
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Examples of the heterotrichous forms include such notable 
genera as Stentor , Bursaria , and some well known ecto- and ento- 
commensals as Licbnopbora , Nyctot/jcrus and Balantidium (Fig. 68). 

Stentor has an elegant trumpet-shaped body with a broad peristome 
encircled by the row of membranellcs, which leads by way of vestibule 
into the spirally coiled cytopharynx. S. cocrulcus y the blue species, is A 
quite common in fresh-water ponds here. 

Bursaria is a large stout oval form in which the adorai zone is 
inside the peristome itself which is large and funnel-shaped. 

Licbnopbora is stentor-like in appearance but its posterior end is 
modified into an adhesive disc by which it clings to a variety of marine 
animals as a harmless commensal. 


Njclotberus (Fig. 68 D) is a kidney-shaped ciliatc with heterotrichous 
type of arrangement of cilia. It possess a spiral gullet with undulating 
membrane and a permanent anus. It is a common intestinal commensal 
of various animals particularly frogs. N. cordiformis divides by fission 
in the rectum of tadpoles of frog and when the tadpole is about to 
metamorphose, smaller prcconjugant forms arise and these conjugate 
in pairs for usual nuclear exchange. The large exconjugants found in 
the rectum of newly metamorphosed frogs multiply by fission and 
form ordinary individuals that encyst. The cysts hatch when 
eaten by tadpoles. Y 

Balantidium (Fig. 68 A), an intestinal inhabitant of various animals 
chiefly frogs and mammals, has a large peristomial depression at the anterior 
end of the oval ciliated body. It possesses a contractile vacuole also. This 
is perhaps related to the fact that Balantidium unlike many parasitic forms, 
feeds by means of a mouth. B. coli whose natural host is pig has also been 
reported from man. In man it is occasionally harmful. It is transmitted 
in encysted state. Man probably becomes infected through too loose 
association with infected animals. 


The oligotrichous Spirotricha include Hafteria free-living, minute 
fresh-water forms making quick springs by means of its long bristles 
and many intestinal inhabitants such as Dip/odinium and Oflbryscolex that 
inhabit the rume ' and paunch of ruminants such as cattle, sheep, goats 
etc. The hypotrichous ciliatcs are represented by the most common gen 
Stylonychia (Fig. 67). Eup/ofcs is other example of the group. 

Order 5. Peritricha. The Peritricha are typically bell-shaped 
attached forms with cr without prolongations of the (a ' 

end in the form of a stalk. The stalk may or may not contain a my oneme „ 
thread and consequently may be cither highly contrac. e o ngKh Gcne 
rally there are no cilia on the body. The anterior (oral) end of he body 
forms the peristomial field and bears a projecting peristomial disc which 
carries the adorai zone of cilia. 

Tclotrocbidium free-swimming Peritricha with a permanen 
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Fig. 69. Spiro - 

chona ctinmifiara (after 
Henwig) 1, periv 
tome ; 2, cytopha- 
rynx ; 3, macronu¬ 
cleus. 


posterior girdle and no stalk, Scypbidia in which 
the posterior end forms an adhesive disc, a 
definite stalk is lacking; Vorti:ella (Fig. 63) solitary 
stalked form and Zootbarnnium t a colonial stalked 
form are examples. 

Order 4. Chonotricha. A small group of form 
that are exclusively ectoparasitic on Crustacea. 
They are usually fastened to the gills of amphi- 
pods by basal discs or stalks. The body is vase- 
shaped and has a funnel-shaped ciliated peristome 
often spirally coiled. There is no adoral zone. 
Other body cilia are absent. Reproduction by bud¬ 
ding. The lateral bud detaches itself as an irreg¬ 
ularly-shaped swimming organism, which later 
attaches to the host and develops into the adult. 
In conjugation adjacent individuals fuse by their 
peristomes and one absorbs the other. 

Example: Spirorbona (Fig. 69). 

CLASS SUCTORIA 


The Suctoria (also called Acincta) are without cilia in the adult 
st age, the young stages being ciliated. The young stages arc budded 
off from the adult, which arc sedentary and without cytostomc. The 
adults develop suctorial tentacles, by means of which they draw 
nourishment from the objects or organism to which they adhere. Typically 
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the form of the body is vase-like but rounded or inverted conical forms 
are also common (Fig. 70). They are attached directly or by a stalk to 
objects or to other animals such as small Crustacea and aquatic larvae, 
etc. A few arc unattached and are parasitic on free-living or parasitic 
ciliatcs. The body is often protected by a secreted theca, continuous 
with the stalk in pedunculate forms. The tentacles are stiff processes 
springing from the outer surface terminating in sucker-like knobs 
(Fig. 70). Hach tentacle consists of an outer contractile sheath and an 
inner stiff tube which extends deeply in the general endoplasm. Such 
sucking tentacles are always present in the adult organisms. In 
addition, in Epbriota there arc pointed prehensile tentacles devoid of 
sucker-like knobs. There are one or more contractile vacuoles usually 
present. Nuclei arc two. The mcganuclcus exhibits a great variety of form, 
it may be oval, elongated or branched. Micronuclci are one to many. 



Fig. 71. Aeincta feeding on another protozoan. 

The food consists of small animals such as rotifers and protozoans 
which adhere to the suckers and arc paralyzed by a toxic secretion trom 
the tentacles. Their contents arc then sucked in bv way of the tentacular 
canal, but how it is done is not understood. NX hen tood is scarce the 
individuals encyst. 

Reproduction may be by binary fission but the usual method is bud¬ 
ding. Budding may be external, one or more buds being formed on 
thesurface of the organism, or internal in which case the buds are formed 
in a deep depression of the surface of the body called a brood-pouch. 
These buds develop cilia, move about within the pouch and finally come 
out through a pore and swim away. Alter some time the embryo 
attaches to some suitable object, loses cilia, secretes a stalk, develops 
tentacles and grows into the adult pedunculate form. Con|ugation also 
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occurs as in Ciliata. When two organisms associate the mcganuclei 
degenerate, micronuclci divide a number of times and exchange 
nuclear material, fusion of micronuclci takes place and finally the 
organisms separate. Meganuclei and micronuclci arc reformed from the 
products of division of the combination nucleus (synkaryon). 

Examples: Tokophrja (Fig. 70 ), A cincta (Fig. 71 ), etc. 


REVIEW QUESTIONS 


1. Give an account of the structure and ph\siologv of Amoeba and show how 
it explains the basic principle* of Zoology. (Agra* 51). 

2. Describe locomotion in Amoeba giving various theories connected with 
the amoeboid movements. (AUd; ’53). 

3. Give an account of nut ition in the protozoan types studied by you. (Mid. *45; 
Agra *54). 

4. Give an account of the reproductive processes in Amoeba and Parameciu^i 
(Alld, ’54). 

5. Give the structure of Eutlena in detail. Give reasons for including it in the 
animaha (Agra *47). 

6 . How does Efglena take its nourishment 7 Compare its mode of nutrition 
with that ol Par omnium and Amoeba. (Agra *47 and ’52). 

7. Give the economic importance of the flagellates especially mentioning the 
role of the trypanosome* in human welfare. 

8 . Gi\c an account of the life-history of Menoejstis . (Alld. ’54) 

9. Describe the life-history of the malarial parasite and compare it with that 
of Monoejslis. (Agra 48, '58). 


10 How does malaria spread from one person to another 7 What steps would 
you suggest to protect your household from this disease 7 (Agra '51) 


11. Give an account of the structure and physiology- of Paramecium. 
would you collect paramccia for the purposes of demonstration 7 (Alld. ' 49 . 52) 

A C ra : 47 G '50i anaCCOUnl ° f ^ rC P roduc;ivc P roce *« of Paramecium (Alld. 


How 

•53; 


13. Give a comparative account of the reproductive process in Paramecium 
ffili D,bCua significance of conjugation in these animals 


(Alld '50). 


14. Give an account ol the structure and life-history ol VortUiUa. (Alld. *51). 

15. Describe the way some animals obtain their food by ciliary- activity Point 

(Tgi “jl p of ,h “ modc 01 f " ding and ,hc h&uf TL™* 

booup^t b ^ V ^^) d ° by WhiCh,h ' ^ 
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The Mesozoa arc cellular endoparasites that are composed of an 
outer cell layer or syncytium enclosing one or more reproductive cells. 
They have a complicated life-cycle in which an alternation of asexual 1 
and sexual generations takes place. The name Mesozoa was applied 
to these simple animals by Van Bcncdcn, who regarded them interme¬ 
diate forms between Protozoa and Metazoa. Some authors (Hatschck) 
treated them with coclentcrates considering their similarity to that of 
planula larva of coelcnteratcs. Most zoologists regard them as degene¬ 
rate flat-worms and hence append to the phylum Platyhelminthcs. On the 
basis of available evidences it is not possible to prove that the anatomy 
of the Mesozoa is primitive, hence their taxonomic position remains pro¬ 
blematical. Some modern workers (Hyman) 
have graded them at their face value and 
placed between Protozoa and Porifcra as 
independent, phylum, the same is followed 
here. This docs not confer any phylo¬ 
genetic significance upon the Mesozoa. 

The Mesozoa, generally have a solid 
two-layered construction, but their two 
layers do not correspond to ccto- and endo- 
derm of the Metazoa, because the inner layer 
(of one or more cells) is reproductive and 
not digestive. The phylum is divisible into 
two orders: (i) the Dicycmida or Rhom- 
bozoa, and (2) the Orthoncctida. 

Phylum Mesozoa. 

Order 1. Dicycmida or Rhombozoa 

Order 2. Orthoncctida. 

Order Dicycmida. The Dicycmida 
occur as parasites in the cephalopod mol¬ 
luscs (squids and octopuses). The body of 
the parasite is worm-like and upto 6 or 

7 mm. long. It consists of an outer layer ..—/- 

of ciliated somatic cells or somatodefrn enclosing a single inner cell, 
the axial cell. A slightlv distinct anterior head can be distinguished 
from an elongated trunk. The number of cells are almost constant 
for a species. The head region has eight or nine cells, the polar cells, 
arranged in two tiers forming what is known as the polar cap or calotte. 
The remaining 12 to 17 trunk cells arc large highly vacuolated cells pro- 



Fig 72.—Mesozoa PstuJi- 

S rr/a trunealum from 

_ id (right) ; left, optical 
section oi the same. 1, polar 
cap ; 2, parapolar cells ; 
3, agauicics: 4, axial cell ; 
5, trunk cells ; G. uropolar 
cells ; 7, uropolar cell in 
section (alter Whitman). 
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Fig. 73. Rhopalura granoia (from a clam) righl, mature female ; left upper, 
•male (after Atkins) left lower, plasmodium of Rhopalura ophiorowet (from a 
brittle star) (a'ter Cauller>-and Metnil). 1, anterior cone; 2, body ring; 3, mass 
ofovoc>tcs in Rhopalura granosa and agametes in the plasmodium ; 4, testis; 

• 5, posterior cone ; 6, agamcie* ; 7, vegetative nucleus ; 8. plasmodium. 

vided with long cilia and often containing inclusions. Sometimes the 
two anterior trunk cells just next to the polar cap are described as para- 
polar and arc intermediate in size and appearance ; whereas the last two 
trunk cells are known as uropolar cells and are rich in inclusions. The 
axial cell is elongate vermiform or cylindrical with vacuolated cytoplasm. 
This originally uninucleate cell soon undergoes division and forms re¬ 
productive bodies, which arc nourished by a part of the cytoplasm that 
retains vegetative function. The young dicycmids swim about in the 
fluid of the host kidneys but the mature forms attach to the spongy tis- 
suesof the kidneys by the cilia of the polar cap and do not damage the 
tissues, it is presumed. They absorb nutritive substances present in 
the nephridial fluid. 

Their life-history is supposed to be complicated but not clearly under¬ 
stood. According to those who believe that the life-cycle is complicated 
presenting alternation of sexual and asexual phases the ordinary form of 
parasite described above is called the primary nematogen (Gersch) 
The reproductive bodies contained in the axial cell arc agametes which, 
multiply, develop into new nematogens and finally leave the mother 
nematogen and wander about in the kidney. Fresh nematogen may 
produce another generation of nematogens. But when the host attains 
sexual maturity the parasite assumes a new form, the rhombogen, essen- 
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tially similar to nematogen differing only in cell-inclusions and nature of 
offspring they produce. W ithin the rhombogens special clusters of cells, 
infusorigens, are produced from the surface of which bud off pseudo¬ 
eggs which multiply to produce free-swimming ciliated larvae, which, 
leaving the host, escape into the sea-water. Their future history is unknown 
but it is presumed that they enter some intermediate host in which 
the sexual phase of the life-cycle occurs. The mode of infection of the 
young cephalopods is also not understood. 

Order Orthonectida. The Orthonectida occur as parasites in 
Turbcllaria, brittle-stars, annelids, nemertcans and clam. Unlike the 
dicyemids the asexual stage consists of a multinucleatc amoeboid 
plasmodium, located in the tissues and spaces of the host which are 
badly damaged. The plasmodia reproduce by simple fragmentation 
(plasmotomy) for some time and finally produce male and female 
forms asexually. Usually a plasmodium produces forms of one sex 
only but those producing forms of both sexes or even hermaphrodites 
are also common. The sexual forms appear like dicyemid ncmatogens. 
The outer ciliated layer in this case appears ringed due to the presence 
of circular grooves at intervals. The males are smaller (about half the 
size) than the females, which also have genital openings behind the 
middle of their bodies. The sexual forms escape in sea-water where 
fertilization occurs by contact. The fertilized egg develops into a 
ciliated larva (like the larvae of dicyemids) within the body of the 
mother. The larva escapes into the sea-water and reinfects new hosts 
of the same kind, wherein the larva loses the somatic layer, the interior 
cells scatter, each one giving rise to a plasmodium. Majority of the 
species belong to the genus Rhopalnra . 



PHYLUM 

PORIFERA 

SPONGES 


The Porifera (Latin porus, por t+jerrt, to bear) are lowly multicellular 
animals incapable of movement being attached to the substratum like a 

S lant. To the casual observer they show plant-like unresponsive 
ehaviour. That is why for a long time they were variously described 
as animals, plants, both animal and plant, and even as non¬ 
living substances secreted by the many animals that take shelter in the 
cavities of sponges. In fact it was not until about a hundred years 
ago that the last sceptics were finally convinced of the true animal nature 
of sponges. Sponges are not regarded to be on the direct line of evolution 
and are supposed to form a side issue, hence often called the Parazoa, 
(Gr. para, beside). The sponges arc of various shapes. They may be 
flat crusts, vase-like, branched, globular or goblet-like. Most of them 
are marine found in shallow water or upto depths of miles. Members 

of one family inhabit fresh water also. 
Many are drab-coloured or gray whereas 
others arc brilliant red, orange, yellow, 
jaPfet blue, violet or black. What is commonly 

uscd aS balh s P on S c is reallythe skeleton 
°* sponges which were used even by the 
ancient Greeks for bathing and for scrub- 
bing ^ h[cS and floorS ' Toda 7 sponges 
vi have a wide variety of uses with the result 

K‘; that a ^ fudged ‘sponge fishing’ industry 

has grown that produces over one thou- 
A sand t0nS s P on S cs every year. 

V-* T Definition. The Porifera are Metazoa 
V -/ that show radial symmetry or arc asym- 
metrical. Definite organs such as mouth 
/-* or nervous centres, etc., are lacking, 

J **■ •• whereas the body is covered with pores, 

& canals and chambers trough which 
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hand, they look like mere loose aggregations of cells. Definite organs 
or systems for the co-ordination of the body functions are lacking. The 
various body functions are performed by the activities of individual cells 
more or lr»; independently. Some sponges having a vase-like shape are 
radially symmetrical, whereas the majority grow irregularly in a plant¬ 
like manner forming flat, rounded or branching structures without any 
symmetry. The body wall has numerous pores through which water 
passes in (incurrent openings) and one or more larger openings through 
which water passes out (excurrent openings). The interior is hollow 
forming a single cavity in the body, lined in parts or almost wholly by 
collared flagellate cells, the choanocytcs. Nearly all sponges possess 
an internal skeleton consisting of separate crystalline bodies, the spicules 
or of organic fibres or of both. The spicules arc generally calcareous 
and sometimes siliceous or horny. Sponges have high power of regene¬ 
ration. Asexual reproduction takes place by the formation of special 
cell-masses, the gcmmulcs. Sexual reproduction is quite common and 
takes place by the union of typical eggs and sperms. A free swimming 
larva is produced. 

Phylum Porifera 

Class I Calcarca or Calsispongiac 
order i. Homococla 
order 2. Hcterococla 
Class II Hexactincllida or Hylospongiac 

order x. Hexastcrophora 
order 2. Amphidiscophora 
Class III Dcsmospongiac 

order 1. Tctractincllida 
order 2. Monaxonida 
order 3. Keratosa 
order 4. Myxospongia 

TYPE LEUCOSOLENIA 

Leucosolenia (Fig. 75 A) represents the simplest of sponges attached 
to sea-shore rocks just below the low tide line. It consists of a tuft of 
slender vase-shaped upright tubes united at their bases by irregular 
horizontal tubes. Each vase-shaped sac has a large excurrent opening 
the osculum (Fig.75) at the top and numerous small openings scattered 
all over the surface acting as incurrent pores, and arc known as the 
ostia. A closer examination reveals that the surface is not smooth, as 
it appears, but is made up ot innumerable elevations of polygonal 
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Fig. 75. A, Ltucosolenia (after Dendy) ; B, diagrammatic L. S. of the same. 
I, osculum ; 2, epidermis ; 3, porocyte ; 4 . egg ; 5 , collar cell; 6, mesenchyme ; 
7, spicule ; 8 , pore through porocyte ; 9, oscular fringe ; 10, incurrent pore. C, 
diagram of simple asconoid sponge. 

shape (ectoderm), which fit together like the tiles in a mosaic. Minute 
spicules project from the outer surface. 


The vase encloses a central cavity, the spongocoel or 
paragastric cavity or cloaca (Fig. 76 B) which opens to the exterior 
at the osculum. The wall is pierced by numerous microscopic 
apertures, the incurrent pores or ostia which extend from the 
external surface to the spongocoel. Each pore runs through a 
tubular cell, the porocyte, as an intracellular canal. The wall consists 
of an outer and an inner epithelium between which is located a 
mesenchyme. The outer epithelium is termed epidermis and consists 
of a single layer of thin flat ceUs. The inner epithelium, lining 
the spongocod is composed of a single layer of a special kind of 

ThAV r.lK fla8ellatC u C A Uar CeUs or choan ocytes (Fig. 75 and 76). 
These cells are so called because at its free end which is encircled by a 
delicate collar of protoplasm through which projects a flagellum. 
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Fic. 76. Morphology and Anatomy of Croatia. A, Croatia entire I B, 
diagrammatic longitudinal section of the same ; C, transverse section of Syco* 
eelSiaosum through the wall of a cylinder parallel with the course of the 
canals. I. oscular fringe ; 2, bud ; 3, oscidum : 4. inhalan t pore ; 5, paragat; 
trie cavity ; 6. radial canal; 7. dermal epithelium (ectoderm) ; 8. pore membrane, 
9 , spicules ; 10, incurrent canal ; 11. prosopyle ; 12. radial cana ; 13. c ®* , . # . r /S 1 
or choanocytc ; 14, collar of choanocyte ; 15. young embryo ; 16, « W J®} 1 .’ J'1 
amoebocyte ; 18. excurren. passage ; 19. paragastr.c cavity ; 20. gas«r«d lay 
of flattened cells lining the paragastric cavity; 21, diaphragm , 22, a P°Py ' 
D, transverse section of a cylinder. 1. incurrcnt canal ; 2, radial canal , , par- 
gastric cavity. 

The beat of the flagella of the collar cell 1 creates the watcrcurrcnt 
which passes through the incurrent pores into the spongoco 
and out through the osculum. The choanocytes form a complete 
continuous lining of the spongocoel interrupted only by the inne 
ends of the porocyte. 

Between the covering cells and the layer of collar cells is a 
jelly-like material containing living mesenchyme cells Some mesenchym 
'cells secrete calcareous spicules that form the skeletal support of the v all 
and keep the vase erect Other cells move about in amoebo.d fashton 
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and arc known as the amoebocytcs. These are the least specialized 
cells and can de/elop into any of the more specialised ones, Iney 
receive partly digested food particles from the cells, complete the 
digestion, and carry the digested food from one place to another. T hey 
probably also transport waste material to surfaces, from which it can be 
carried away by the outgoing current of water. 

Canal System in Sponges. The most characteristic feature 
of the sponges is the presence of certain system of canals through which 
water passes into the spongocoel. These canals traverse the wall of the 
vase in a simple or complicated manner. In the simplest type of sponges 
the canals originate from certain pores, the incurrcnt or inhalant pores, 
on the surface of the wall, and lead directly to the spongocoel. Such 

a simple canal system is found in l^ucosolenia described above, and in 

the fleeting juvenile stage of some sponges ( Cfothrina) known as Oljtilbus 
and is described as ascon type. Sponges with such a simple structure 

are described as asconoid. 
Such a structure occurs only 
in a very few sponges, the 
vast majority show a more 

complicated construction. 

The evolution of small 

simple types to complex forms 
revolves chiefly around the 
problem of increasing the sur¬ 
face proportion to the volu¬ 
me. This problem has been 
solved by a simple folding 
of the body wall, which increases the surface. The first stage above the 
asconoid type is termed the syconoid type as represented in Sjeon, taken 
as a type in many texts. The syconoid sponge can be easily derived 
(theoretically) from the asconoid condition. The walls of the asconoid 
sponge become folded up in such a way that a number of finger-like 
processes appear at regular intervals. Between two such projections a 
canal lined by ectoderm is formed. This is the incurrent canal. In¬ 
ternally the projections lodge the radial canals lined by choanocytes 
hence also called the flagellated canals. Further the walls of the radial 
canals fuse in such a way that the incurrent canal appears to be open¬ 
ing to the exterior by minute apertures (between the tips of 
4 two radial canals) known as the dermal pores. The original ostia 
or the incurrent pores of the asconoid type are in this type, situated 
within the incurrent canal and are termed the prosopyles. Thus, the 
thick wall of the syconoid sponge carries alternating incurrent and radial 
canals and the choanocyte layer no longer lines the whole interior but is 
limited only to the radial canals,which open into the spongocoel by means 
of minute openings known as the apopyles. Two stages of syconoid 
structure are met with. In the first stage (Sycon) the external surface is 



Fig. 71. Sycon gelalinosum. Section 
through the wall of a cylinder taken at 
right angles to the long axes of the 
canab. I, radial canal lined by choano¬ 
cytes ; 2, incurrent canals. 
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made up of the blind outer ends of the radial canals the spaces between 
which serve as dermal ostia. In the second stage the epidermis and 
mesenchyme spread over the outer surface forming a thin or thick cortex, 
often containing special cortical spicules. The cortex is pierced by definite 
pores that lead into the narrowed incurrent canals directly or form large 
cortical spaces, the subdermal spaces, from which water is drawn into 
the flagellated chambers (Fig. 79). 


OPENING OF EXCURRENT 


OSCULUM 

PARAGASTRIC CAVITY 
DERMAI. 

PORE 


Pig. 79 . Vertical section of Spongilla showing the arrangement of canal-system. 
As a result of further outfolding of the choanocyte layer the third 
or leuconoid type of canal system is produced. In this the radial canal 
of the syconoid structure becomes divided into a cluster of small rounded 
or oval ^ge^ted chambers by further foldings. Thus the simple elongat¬ 
ed flagellated chamber of the syconoid type is replaced by several small 
chambers to which only the choanocytes are limited. Mesenchyme 
increases and fills the space around the flagellated chambers. The outer 
surface is usually covered by an epidermal epithelium pierced by dermal 
pores and oscula. The meurrent passages leading from the dermal pores 

ohlheratld 8 Thi y fll. n 'll' m f C 1 nCh) c mC ' Thc s P on g ococl ' s more or less 
canals and ihJ, h 1 a g' llated chambers open by apopylcs into excurrcnt 
canals and these unite to form larger and larger tubes of which the largest 

lead to the oscula Thus the whole sponge becomes irregular in structure 
lo r pment li of itat '™ °h eho «^ , « 

Sg« The vas't ^ioH« f COmpleX,!y ° f the 

. l fhe y co ~ d ° n ,ws pUn ’ 

mmmm 
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Rhagon is simply a larval stage in which the canal-system is produced 
bv direct rearrangement of the inner cell mass of the larva. It is conical 
in shape tapering towards the osculum. The spongocoelis bordered by 
oval flagellated chambers opening into it by wide apopyles. Between 
the chambers and the epidermis lies the mesenchyme which is consider¬ 
ably thick and is traversed by incurrent canals and subdermal spaces. The 
leuconoid types develop directly from the rhagon by evaginations ot the 
flagellated chambers and other subsequent developments. 



Histology. The cells of spon¬ 
ges are quite simple. With the ex¬ 
ception of choanocytes all others 
are only slight modifications of 
simple amoeboid cells of mesen¬ 
chyme. The surface epithelium 
(epidermis) in some sponges con¬ 
sists of large flat polygonal cells, 
the pinacocytes, each with a thic¬ 
kened central enlargement contain¬ 
ing the nucleus. From above these 
cells appear closely fitting flat- 
polygonal cells and from side they 
present a central nucleated lump 
and thin margins continuous with 
those of adjacent pinacocytes. They 
arc highly contractile and arc cap¬ 
able of reducing the surface greatly. 

In many sponges the epithelium is 

not cellular but a continuous mem- ?ooi.gt». -r - n -• 

brane containing scattered nuclei (aft« 

(syncytium) known as epithelioid . c _ t hoinocyte of Sj«* i 

membrane. In the simple asconoid epidermal cell of Leucosolenia ; w 

sponges the epidermis is interrupted spherasicr of Chondrilla ; 
by large pore cells porocytcs at . _ , ., 

frequent intervals. They arc tubular cells reaching from the epidermis 
to the spongococl pierced by a canal through which water 
in. They arc also highly contractile and are responsible for the clc* 
sure of the canal. Porocytes arc usually regarded as modified 
pinacocytes, though some people derive them from amoeboid 
cells of the mesenchyme. 

The mesench-me consists of a gelatinous transparent matrix, com¬ 
monly called mcsogloea, in which wander free amoeboid cells or 
amoebocytes. The amoebocytes are of different typesand si* ■ 
Some are known as collcncytcs and have slider branching p 
donods others have lobose pseudopods and ha\e different nam . 
Those with pigment granules arc called the chromocytcs ; those with 
?ood reservc P are thesocy.es, but it is quite possible that any of «he* 
amoebocytes can serve these functions. The most important a 


Fig. 80. Various type of cells of 
soonges. A. cross section through 


Fig. 81 . Different kind'of spiculci. A and a* . . 

spongin fibres ; C, siliceous spicules, (from Prasad and Va.ma) Sp,cules » B * 

bocytes are those that secrete skeleton and arc termed scleroblastc 

Depending on the ultimate nature of skeleton produced the sderoblasfs' 

arc known as calcoblasts, silicoblasts or spongioblasts Some 

differentiated embryonic cells known as archacocytes are also foT.n^ 

the mesenchyme. These have large nuclei with foun , d 

and other cytoplasmic inclusions and give rise to set Thev .U ‘ 

play an important role i„ d,e procefs of regeneration 1W? n° 

however are regarded as generated amoebocyt« tha nUv P 

,n f re P, roduc ' 10n - The collar ceUs are rounded or ovdcdls.bef. 0 ' T °^ 

of which bears a contractile protoplasmic collar enc rchnl .^ K r 
the single long flagellum. uoiur encircling the base of 

consists of spicules or of spongin fi bt « or The ^ 

The spicules are definite bodies of either ah-hf co l mb,naUon of both, 
silica Basically the spicules ue oftl “donate or hydrated 

croscleces. The roegascleres are „ • *yP« megascleres and mi- 
g saeres are Urge spicules forming the chief frame- 
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work of the sponge. The microscleres are the smaller flesh spicules that 
occur throughout in the mesenchyme. The distinction is not absolute 
and does not hold for some groups. In its simplest form a spicule is 
like a simple small needle pointed at one or both ends. Such spicules 
are known as monaxon (axis is one). Monaxons (Fig. 81) with one broad 
end and one pointed are called monactinal monaxons or style; whereas d 
monaxons in which the blunt end is knobbed like a pin-head are called 
tylostyles. Usually those pointed at both ends are termed diactinal 
monaxons or diactincs. The diactines may be variously modified. 
Their ends may be curved inwards forming a C-shaped structure or may 
be variously tipped. . 

The spicules may be triradiate or triactinal (Fig. 81) in which three 
spines radiate from a point. This is the most common form of spicule 
of the calcareous sponges. Spicules with four rays radiating from one 
point, called tetraxons or tetractines or quadriradiate arc also common. 
The four rays of the tetraxon may be more or less equal (calthrops) 
but generally one ray is elongated bearing a crown of three rays. 
Such a tetraxon is called triaenes. By loss of rays they may become 
thiec-, two or even one-rayed. Some times three axes cross each other 
at right angles producing six rays extending at right angles from a 
central point. These six-rayed forms are known as the triaxon or 
liexactinal spicules with several rays radiating from a central point 
polyaxons, a.e also sometimes met with. In some cases rounaca 
or star-shaped spicules are found. These are known as spheres or^ 

sterrasters respectively. . . . , 

Formation of Spicules. W hen a spicule is to be secreted 

sclcroblast cell becomes binuclcatc (Fig. 8 a A). Between the tw 
nuclei a minute piece of calcium carbonate is deposited. How thi 
is secreted actually is not understood. As the spicule grows the two 
nuclei draw apart until the mesenchyme cell separates into two ceil . 
One of these cells (the founder) is situated at the inner end, the o h 

(the thickener) at the outer end of the spicule (Fig. 82) The cell a 
the inner end moves inward establishing the shape and°f ^ 
spicule. The other adds to its thickness. W hen the spicule is comply 

both the cells wander 
into the mcsogloea. 

Triradiate calcareous , j 

spicules arc secreted by ^. f Kj 
three scleroblasts that Jj| I 

comejtogethcr from three VT* 2 *§j i^J L 

sides and each divides \*> ‘ 

into two and secretes a ▼ 

minute spicule. Finally 

these three spicules meet (S*r 

(Fig. 82) forming a trira- 1 

diate spicule. Each ray Fig 82< Formation of spicules. 1 , scleros¬ 

is formed in the same u$t cell; 2, spicule, 
way as a monaxon. 
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Four-rayed spicules likewise are formed by fotir scleroblast cells. The 
calcium carbonate in all these cases is extracted from the sea-water. In 
water without calcium the sponges fail to secrete spicules. Development 
ot siliceous spicules is not known well. They are formed, so far as known 
within one scleroblast (better silicoblast). For large rvpcs several silil 

^ u* j St \ m2y c ?‘°P cralc - The hexactinal spicules of one order (Hcxacti- 

nellida) arise m the centre of a multinucleate syncytial mass probably 
formed by divisions of a single silicoblast. } 

ar Ml Skc K leton ® i rc made °p of fibres of > protein secretion, 

*** k H bran ' hed °r (O'-" a network. Spongin fibres are also 

snoneiohl b .<r,T SenChyme cells > . ,ermed spongioblasts. A number of 
spongioblasts arrange in rows and the spongin rod secreted bv each fuses 

and*degenerate° dS f ° rm ‘ ng ‘° ng fib " S ' The CCll$ la,C[ bccomc vacuolated 

a nd N win^;- The natural food °f s P° n 8 es consists of minute organisms 
and degenerating organic material. Besides these the sponges are also 
known to digest dissolved nutrients in water. As the water current 
passes through the spongocoel the collar cells capture and incest food 
organisms in the same way as do certain flagellate protozoa The foo 
particles suck ,0 the outside of the collar and pass down its outer surface 

food, as it passes throueh the innirrenf ~ nA i, ^ aicarc *;. in others the 
directly. Digestion is, thus, entirely intracel uia^m^olopoaT 0 ^ 0 ' 1 ''" 

SfiirSSaS removed 4 * 2^3523 

food is stored into amoebocytes (tL calkd® hTs^Ws dig '*? d 
and glycoprotein masses. ] c ' as glycogen, fat 

havc^speci'aforgans'of aspiration d ° 

of the cells Within which energy is released throu # h ,hc surface 

water is rich with oxygen. If kept in foul iL f Sp ° ngeS prcfcr p,accs wherc 
content the sponges undergo reduction n a' "''<7 1C$S ox ^ Cn 
are obtained if the dermal pores are clogged S,m,lir rcSulls 

is dependent upon the rate of water currenr Tk ? 7 8Cn COnSu mption 

. tk-e-.ssH5s.-SS 

sS-yir s css- 

in higher animals have no. been reported 
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to the opinion of some workers the amoebocytes containing excretory 
granules arc discharged. Some sponges exude mucous or slime in large 
quantities and these are believed to carry excretory materials also. Some 
animals produce toxic substance, which evoke irritation on the skin, 
when touched. Some such extracts of fresh-water sponges injected into 
mice prove fatal. But whether such products are excretory materials 
or arc secreted as a measure of defence is not clearly understood. 


Behaviour. No adult sponge is capable of locomotion. The 
majority have contractile powers and exhibit focalized or generalized 
contraction because of the change of form of the pinacocytcs and other 
cells. Some are devoid of contractility, only porocytcs change shape. 
The body contracts if the individuals arc disturbed or handled. The 
oscula close if the sponges arc exposed to air, lack of oxygen, or extreme 
of temperature. Addition of harmful chemicals to water has the sam 
effect. Light is ineffective but touch induces closure in some forms. 
AH the reactions, however, are slow. This is so because the sponge 
arc devoid of nerve cells or other sensory structures and these reactions 
arc directlv in response to stimuli. Power of conductivity is also very 
slight, only developed at the osculum, the most sensitive part being 
the oscular rim. 


Colour an Odour. The sponges have disagreeable odour which 
is more marked in some species than in others. How the odour 
produced is not understood but its function is protective. Because 
of bad odour and projecting spicules they arc seldom eaten by otner 

animals. , 

The majority of sponges arc of an inconspicuous flesh, drabi o 
brownish coloration , but some arc bright orange, yellow or red due 
to the presence of lipochrome pigment in some of the amoebocyics. 
Bright green forms arc also common and blue, violet and black torm 
also occur. Some species arc almost white. Sponges living in the 
muddy water arc often nearly black because the cells of their body are 
gorged with minute particles of silt, which clears off in a few 7 
if the sponge is kept in fresh water. Generally speaking deep-watex 
sponges arc of dull appearance while those of the shallow water are 
often brightly coloured. Some fresh-water sponges are brownish green 
due to the presence of zoochlorcllac. 

Variation. Sponges arc variable organisms and even a slight change 
in the environment of the fresh-water species often produce a considerable 
change in form and structure. Some species show such variations with 
the change of seasons and others without apparent cause Inmost 
cases the changes apparently affect the breed for the period. The chang 
are so well markeJ that formerly subspecies or “varieties” were created 
on their basis. . 

Regeneration. Sponges have great power of regeneration. Any 
part cut off is capable of producing a full sponge but the process b mg 
slow, takes a long time. In some this power is still noteworthy. Ev 
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Fig 83. Gcmmulc of Spongilla. A, entire gemmule of Sfiongillap roliftrenj 
.from I auna of British India); B, section of a complete grmmulc with surface 
layer of amphidiscs ; C, micropyle releasing »pongc cells. 1, micropyle ; 2, 
mass of archacocytes ; 3, inner membrane ; 4, laver of amphidiscs in B and 
granular layer with gcmmulc spicule (monaxons) in A’; 5, large tells (histoblasts) 
emerging from the micropyle ; 6, foraminal tube. 


tlic.r individual cells, if separated, display regenerative behaviour. When 
certain sponges arc squeezed through line silk the cells arc separated 
and come through either singly or in small groups, placed in suitable 
medium these cells move about by amoeboid movements. If they happen 
income in contact with one another they stick together forming masses 
<■' cells- Hnally these aggregates of cells freunition masses) grow up 
into new sponges. Under adverse conditions many marine and fresh 
water sponges disintegrate leaving only rounded reduction bodies 
each of which consists of a covering epidermis and an internal mass of 
amoebocytcs. The reduction bodies develop into complete sponges 
..n the return of favourable conditions. P P 8 

l jj ASCXU j'i R 'P roduc,ion - Asexual reproduction takes place bv 
budding and by the formation of special reproductive units, the gcmmulcs 7 
A simple sponge like Lnnsolma sprouts horizontal branfl.es which 
grow over rocks and give rise to extensive colonies • u 

vase-shaped individuals Often buds break off at the r bases nd"™! 
m o new individuals. Such buds are produced rather rarely AlmoT. 
t l r lrL Sp0 x" e “ P ? d , U “ 8 emn,u ' cs . which consist of a masT of 

hycr of columnar cells around the food-filled form a 

ultimately secretes a thick ha d i^er memhmT A l imoch ^ that 
membrane. Then some S?at bl etd? ^ 

^clcroblast cells, become arraneed b ° l , h Cnds ’ Sccrctcd b V 
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relative thickness and is honey-combed by spaces, containing air and 
rendering the structure buoyant. For this reason this layer has often been 
called a “pneumatic coat” (Fig. 83B). A completed gemmule has a small 
outlet, the micropylc, which is ordinarily closed. In some cases the 
mouth is surrounded by a tubular extension of the external membrane the 
forminal tubule, (Fig. 83A), rendering the whole structure flask-like in 
appearance. In India the gemmules are formed more frequently at 
the approach of hot weather and survive drying and carry the sponge over 
the period of draught. Under favourable conditions the sponge cells 
(histoblasts) merge through the micropyle (Fig. 83C) and aggregate 
into small masses that grow into new sponges. 

Gemmule formation has also been reported in some marine sponges. 
In these also an accumulation of amocbocytes becomes enclosed by a 
thin membrane of flat cells. The surface cells of the mass become 
columnar and flagellated except at the posterior pole and the gemmule 
then escapes as a flagellated larva. This swims about for a time, then 
attaches near the non-flagcllatcd pole, looses the flagella and develops 
into a young sponge by rearrangement and differentiation of the cells 
of the interior. It is quite remarkable that these larvae resemble those 
arising from fertilized eggs and develop like them. As the cells that 
form gemmule arc derived from the same stock that produces sex cells, 
the gemmules have been regarded as products of parthenogenesis by 
some zoologists. Production of gemmule in the marine sponges and 
its ultimate behaviour further substantiates this view. The olny apparent 
difficulty is that the gemmule is not formed by the multiplication of one 
cell but by the association of many. 

Sexual Reproduction. Ordinarily all sponges reproduce sexually 
by means of typical ova and spermatozoa. Some sponges arc monoe¬ 
cious, />., one individual produces both male and female sex cells. In 
others different individuals produce different sex cells, i.e they arc dioecious. 
The egg mother cell or ovocyte is first noticed as an enlarged amoebocyte 
(archacocyte) with a large nucleus and conspicuous nucleolus. It grows 
and acquires food stores by engulfing or fusing with other similar amoc- 
bocytcs. It is called oogonia and passes into the cavities of the radial 
canals where it divides mitotically twice producing four ovocytes. These 
pass through the choanocyte layer into the mesenchyme, where they 
increase greatly in size, being nourished by special nurse cells or 
trophocytcs (modified choanocytes). One such trophocytc attaches 
to the surface of each ovocyte and eventually fuses with it. 

The sperm mother cell or spermatogonium is described as an enlarged 
amoebocyte. It soon becomes enveloped by flattened cover cells derived 
by the division of the mother cell or consisting of other amocbocytes. 
The whole is called a spermatocyst. The enclosed sperm mother cell 
divides two or three times into spermatocytes which develop into 
sperm. According to some authors (Ciatenby) chaonocytcs develop 
into sperms which have a typical form i.e. a rounded head and a 
vibratile tail, the lashing movement of which enables it to move 
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through water. The sperms are carried to the female sponge with 
water current and the eggs are fertilized in situ. 

The fertilization in these sponges is peculiar. The spermatozoa 
enters a choanocyte adjacent to a ripe oocyte. The choanocyte loses its 
collar and flagellum, becomes amoeboid and plasters to the surface of the 
oocyte, which forms a conical depression to receive it. In the meantime 
the sperm loses its tail and the head becomes surrounded by a capsule. 
This capsule carrying the head enters the oocyte and the sperm carry¬ 
ing choanocyte moves away. 

Development. It is only in Syron and Grantin that the development 
has been adequately studied. The process of the formation of sex cells 
and fertilization is as described above. The egg undergoes maturation 
after it is fertilized. The cleavage is holoblastic. The first three cleavages 
arc vertical resulting in the formation of a disc of eight pyramidal cells. 

A horizontal cleavage then produces a 16-cell embryo. It is a flattened 
disc-shaped body lying just beneath the maternal choanocyte layer. The 
position of thcblastomerc with respect to the maternal layer of choanocytcs 
determines their fate. The tier of eight cells next to the maternal layer 
of choanocytcs is the future epidermis and the tier of other eight cells 
represents the future choanocytes. The embryo, at this stage, is called 
the blastula. A blastocoel appears in the interior. The eight small 
cells increase rapidly and elongate and each acquires a flagellum on its 
inner side facing the blastocoel. The few large cells remain undivided 
for some time, become rounded and granular, and in their middle an 
opening appears that functions as a mouth and ingests adjacent maternal 
cells. At this stage the embryo is called he stomoblastula. The embryo 
then turns inside out (like a stageinthe colonial protozoan Volvnx ) through 
its mouth (inversion) bringing the flagellated cells outside. The form 
produced after inversion is termed an amphiblastula, the typical larva 
of the Calcarca. It is at this stage that the larva becomes free and moves 
out. It consists of two types of cells—the greater part of the surface 
is formed of small, narrow flagellated cells that keep in front while swim¬ 
ming, and the remainder, usually considered the posterior pole, consisting 
of large, rounded, granular cells devoid of flagella. As the development 
proceeds beyond the blastula stage the embryo becomes enclosed in a 
trophic membrane, formed of material choanocytcs, which supplies 
the embryo with food. When completed the amphiblastula forces its 
way into the adjacent radial canal and is carried to the exterior. For 
some hours the amphiblastula swims freely, then the flagellated half 
is invaginated into or overgrown by the large granular cells. This process 
h** been referred to as gastrulation. The larva then attaches to a solid 
n! 601 l ^ c blastoporal end and begins to grow as a young sponge 
{piyntbus stage). Mesenchyme cells arise from both layers. Since the 
invaginated half seems to represent the animal pole of the egg, the 
germ layers of a sponge are not considered comparable with 
those of the metazoan embryos. 

In some forms a typical gastrula is not formed and the invaginated 
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Fig. 84. Development of a calcareous sponge. A, ovum ; B, 8- cell stage ; 
C, -18-cell stage ; D, hashing stage; E, amphiblastula ; F, inversion and 
attachment ; G, later asconoid stage; H, parencbymula of LtucosoUnia. 1, 
flagellated cells ; 2, granular cells. 
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flagellate cells form a solid mass in the interior. Such a larva is called 
parenchymula or stereogastrula. It attaches by the blastoporal pole 
and its interior mass hollows out to form the Qljnllm stage. A parcnchy- 
mula is formed in some species of \..ewosohua also but in a different way. 
The eg" cleaves to form a cocloblast lla composed entirely of narrow 
flagellated cells except at the posterior pole where there is a group of 
non-flagcllate cells, the archaeocytcs, the ancestors of all future archaco- 
evtes of the sponge. These wander into the interior and fill it with a 
miss of cells. Some flagellated cells have also been reported to loose 
Amelia and move, with the archaeocytcs, to the interior. After tree 
swimming of some hours the larva attaches by the anterior pole and 
fhttens out. The cells of the interior migrate to the external surface 
and from the epidermis, and the mesenchyme and flagellated cells become 
the choanocytcs in the interior. 

Affinities. It was in the year 1765 that F.llis noticed the water 
currents and movements of the oscula of sponges and considered 
them to be animals. In spite of this sponges continued to be regarded 
as plants for a long time. Linnaeus, Limirck and Cuvier placed them 
under Zoophytes, regarding them allied to anthozoan coclcnterates, 
and through a mijor part of the nineteenth century the sponges were 
placed with the coclcnterates. But now many important differences 
have been found out between these two groups. The most important 
of them is the absence of a true mouth in sponges. The study of embryo¬ 
logy of sponges reveals that the osculum docs not correspond with the 
mouth of the coelcntcrates. This point alone provides sufficient ground 
to separate the two groups, although there are many more points suppo¬ 
rting it. They are :the presence of a system of inhalant apertures, the 
presence of peculiar collared gastric cells, the absence of stinging capsules; 
and the different way of formation of embryonic membranes. In sponges 
tissue formation is limited to the production of cpithclia on free surfaces 
alone. The surface layer which, in other animals generally differntiates 
at an early stage, remains undeveloped in sponges. Instead, differentiation 
proceeds in the mesenchyme. Epidermis and mesenchyme originate in 
sponges from the same embryonic cells and hence the mesenchyme may 
be considered theoretically to be an ecto-mesoderm. Besides/ sponges 
have made no progress in the formation of the anterior end or head, 
a digestive sac is lacking and the mode of digestion is intracellular as 
in the Protozoa. From this it is evident that the sponges cannot be 
placed with the coclcnterates. 

The development of sponges presents peculiarities that arc difficult 
to interpret. In most Calcarea and the simplest tetractinellids the coclo- 
blastula invaginates into a typical gastrula; but it is the animal half that 
invaginates not the vegetal half as in other Metazoa. In other sponges 
a stereogastrula arises by ingression, but unlike other Metazoa the inner 
cell mass becomes the epidermis and the mesenchyme (not endoderm), 
while the surface epithelium (ectoderm of other Metazoa) transforms into 
choanocytcs. Thus the sponges cannot be placed in line with other 
Metazoa. 
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f Thc intracellular digestion, the production of the skeleton in the 

PrTnZT TK h, ° n ^ . 0th ? $UCh P° intS Uke lhem cloSe to the 

Protozoa They cannot be placed with the Protozoa as there is an 

evidence ot tissue formation. They resemble some colonial flagellated 
t nA tlTT ( n rt>/ T^ w) having groups of collared flagellate cells. 
i" d th * , gcl,atcd s P2!?^ e ! ana 1S probably reminiscent of a colonial 

n£ lh.T St<,r 'ki h ‘ S . V,CX * ,S Sreat,y slrcn ? lhcncd by the recent 
finding that thc amphiblastula ot syconoid Calcarea undergoes an inversion 

process identical with that occurring in the development of Vokox. 

It seems sponges have evolved very little bevond the stage of 
colonial protozoan. Perhaps thc reason for this is' early adoption of 
a sessile mode oflitc and thc inability of their cells togiveup theirprotoz- 
oan habits. As thc mouth and a digestive tract has not developed and the 
original flagellate cells have remained thc main food getters and current 
producers a unique anatomical type permeated with water channels has 
evolved. I he flagellated surface cells were no longer needed for loco- 
motory functions due to their assumption of sessile life as such they have 
moved to the interior where they were more needed. Once thc flagellated 
cells became located in the interior there followed thc elaboration of the 
system of water channels, which is the chief structural feature of thc 
sponges. Further evolutionary changes, in sponges, appear chiefly to be 
•concerned with the perfecting of thc water system and thc development 
of a skeleton. Obviously thc sponges seem Co constitute a blind branch 
of thc animal kingdom, not on thc direct line of evolution, and as such 
have been rightly called thc Parazoa. 


CLASSIFICATION 

PHYLUM PORIFERA 

It is difficult to classify Porifcra because their characters are highly 
variable and the number of intermediate forms and of collateral affinities, 
is immense. The main basis of classification is skeleton. On the who c 
there arc three main types which have been assigned the status of classes 
for convenience. 

Class 1. Calcarea or Calcispongiac. The Pcrifcra with skeleton 
consisting solely of calcareous spicules which may be one-, three- or 
four-rayed not distinguishable into mcgasclcrcs and microsclercs. The 
class includes asconoid, syconoid and leuconoid structures. The choano- 
cytes are relatively larger. The osculum always encircled by a fringe 
of upstanding spiculaes. Mostly under 6 inches in length. They arc 
exclusively mirine, found throughout the world. The class is divisible 
into two orders. 

Order 1. Homococla. Calcarea in which the internal lining surface 
consists of flagella«.ed collared cells throughout, the interior is not folded, 
the body wall is thin anti canal system is asconoid. 

Example: Lcucoso/enii (Fig. 72). 

Order 2. Heterocoela. Calcarea in which the spongococl is 
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Fig. 95. Somr Hexactincllida. A. Sta’jotitltpt'Ji ; H, li\/Je,UlLi , Venus' Howe, 
backet ; C, Polerion nepiuni, Neptune's goblet. y\\ front a photo by Martin Duncan 
A & C from various source*). 

lined by flattened cells, the collared flagellated cells arc restricted to 
chambers, body wall is thick, folded inter nail v. Canals-vstcm sveonoid 
and lcuconoid. 

Examples: Syren (Fig. 74), Grantia (Fig. 7$). 
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Cla ss II. Hexactincllida or Hyalospongiac. The Porifera with 
purely silicious skeleton composed of six-rayed spicules (hexactines). 
The internal structure consists of a network, the trabecular net, made 
of thin strands forming open meshes. The canal-system is simple and 
choanocytes are small. They are without jelly and the osculum may 
be covered by a sieve plate of silica. Their skeleton is beautiful 
glass-like hence they are commonly called the glass-sponges. They 
are mostly radially symmetrical, strongly individualised sponges of 
various shapes. They may be cylindrical or shaped like a vase, urn, 
funnel or other similar structures attached directly at the base or more 
usually by way of root tufts of spicules (basal stalk). They are upto 
3 feet in length, exclusively a marine group of deep-sea sponges occuring 
at depths of 30c feet to over 3 miles. There arc two orders of the class. 

Order 1. Hexastcrophora. The Hexactincllida with hexasters 
always present in the parenchyma. Commonly they are directly attached 
to hard objects. In some genera the skeleton is formed intio a framework 
with irregular meshes. 

Examples 1. Euplertella (Fig. 85B), popularly known a Venus* 
flower basket has a beautiful glassy skeleton, generally kept in museums. 
In life the skeleton is covered by dull grey flesh with many spicules, which 
has to be removed immediately on capturing the animal and the skeleton 
has to be bleached. Enplectei/n , the “beautifully-woven” sponge, is the 
most elegant of all glass-sponges. It is square-meshed in texture, yet 
every angle is rounded and ornamented by fine filaments which form a 
natural web and woof, soft, beautiful and fascinating. The glass filaments 
are not transparent. No artificer in spun-glass handicraft can fashion 
such a marvellous frame produced in the living glass-sponge. In its 
living state it does not look so inviting as its skeleton looks. It occurs 
in mud of the sea-bed in the eastern seas, a large number having been 
hunted out from seas around Borneo. The best known species Eupltctelhr 
asptrpjlluni is found off the Philippines. In life they are fixed to the sea-bed 
by large flinty filamentous anchors. 

2. Staurtxalyptus (Fig. 85 A), another glasspongc, has cup-shaped 
body usually without root spicules. Number of fine spicules project 
from the surface. The filaments of these sponges arc not transparent 
glass hairs, but threads of pure and lustrous white substance of which 
one of the constituents is flint. 

Order 2. Amphidiscophora. The Hexactincllida without hex- 
asters, amphidiscs (monaxons with a crown of rays on both the ends) 
always present. 

llyalonema. the common glass-rope sponge having a rounded or 
ovoid body with a single root tuft often spirally twisted (like a rope) 
forms a good example. 

Class III. Dcmospongiae. The Porifera either devoid of skele¬ 
ton or with skeleton made up of spongin fibres alone; or in some cases 
having a combination of both siliceous spicules and spongin fibres. These 
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with only spongin fibres are known as horny sponges. The flagellated 
chambers are usually small and rounded having small choanocytes. The 
canal system is usually complicated. The class is divisible into four 
orders. 

Order i. Tetractinellida. The Demospongiae with tetraxon 
spicules, no spongin, spicules sometimes wanting. Sponges of mostly 
solid construction usually rounded or flattened in form without bran¬ 
ches or projections. Found in shallow waters. 

Examples: Geodea (with skeleton) ; Cbondrilla (Fig. 86C). 

Order 2. Monaxonida. The Demospongia with silicious 
monaxon spicules arc the most common sponges found the world 
over in shore and shallow waters. They present a wide variety of 
shape from rounded masses to large bush-like branching types. The 
cup- shaped Neptune’s goblet ( Poterion) may attain a diameter or height 
of one to two metres. The monaxonida exhibit a range of colouration 
and most of the red or orange sponges belong to this group. The group 
also includes the only family of fresh-water sponges (Spongillidac). 

Examples : 1. C/iorta (Fig. 86 F) is a cosmopolitan genus which 
bores into the shells of molluscs (some species inhabit the interior of 
coral skeleton). Species of Cliona arc often of a sulphur-yellow colour, 
others arc green or purple. Some species bore into calcareous rocks. 
The larva settles on such objects, bores, occupies safe places in the interior 
and eventually permeates the entire objects emerging on the surface 
as a thin layer. 

2. Haliibondria (Fig. 86 G) forms mostly flattened growths and 
looks like crumb of bread. It is, therefore, known as the ‘crumb-of-brcad’ 
sponge. It is a common British littoral form. 

5. SpongiUa is a cosmopolitan sponge of the fresh-water family. 
The fresh-water sponge has no lasting skeleton. Many arc brightly 
coloured during life, some arc yellow, some arc brown; others are green 
when exposed to sunlight because of zoochlorcllc (fresh-water algae) in the 
mesenchyme. Structurally also they differ from other sponges. Like 
other higher groups the flagellate cells arc confined to certain enlarge¬ 
ments of canals called ciliated chambers. The rest of the canals arc lined 
by flattened cells. Internally the canals (the cxcurrcnt canals) open in 
the paragastric cavity and externally the incurrent canals open in charac¬ 
teristic subderm;'1 cavities enclosed within thin dermal membranes, 
performed by dermal pores (Fig.79). They grow as tufts of irregular mass 
esupto the size of a persons first on sticks, stones or plants (Fig.86A) 
They are world-wide in distribution occurring in fresh-water streams, 
or ponds and lakes. Spongilla lacustris is common in sunlit running 
waters whereas S. fragilis avoids the light. Asexual reproduction takes 
place by the production of gemmules, although sexual reproduction 
producing typical larvae also occurs. The gemmules in this normally 
have cylindrical or subcylindrical spicules that are sharp or blunt or 
knobbed at the ends. The gemmules either lie free in the substance ot 
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the sponge or are attached to its support. 

Tetbyai Polymastia, (Fig. 86 E, B) etc., constitute other examples. 

Order 3. Keratosa (Ceratosa). The Demospongiae with skeleton 
of spongin fibres, (horny sponges), without spicules. Form is usually 
rounded often of considerable size, surface is leathery, coloration dark, 
chiefly black. Euspongia (Spongia) is the common bath-sponge known 
from the days of ancient Greeks. The skeleton is capable of holding 
water due to capillary forces in the fine spaces of the irregular spongin 
network. The main sources of sponges arc the warm shallow waters of 
Mediterranean Sea and the Gulf of Mexico, about Florida, and the West 
Indies, where over 2,000,000 pounds are taken annually. The living bath 
sponge is not very attractive looking, being uniform black or slate 
coloured. It is taken out by the divers, or harpooned, and when brought 
ashore is macerated in sea-water till the soft tissue or flesh is removed 
then washed and beaten to remove all but the horny flexible skeleton 
which is hung to dry. The cleaned sponges arc cut and trimmed, some¬ 
times bleached, sorted and marketed. Sponges arc now cultured in 
Florida and Italy in order to meet the increased demand. Small pieces 
(about eight cubic inches) are cut from desirable species and fastened to 
slates of concrete or other supports on a shallow clean bottom where 
• water currents provide abundant oxygen and food. These grow to 
marketable size in several years, the largest living bath sponge may be 
50 years old. 

Examples: P/jjl/ospongia (lcaflike); Euspongia , the bath sponge; 
Hippospongia (“horse” sponge); Hircinia (Fig. 86D). 

Order 4. Myxospongia. The Demospongiae without skeleton. 
This order is often described under Tetractincllida when the latter is 
raised to the status of subclass by some authors. 

Examples: Osearella (brightly coloured sponge with a velvety 
surface), Halisarca. 7 
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The Metazoa are animals whose bodies consist of numerous cells, 
as distinct from the Protozoa which arc acellular. The cells are differen¬ 
tiated into many kinds for the performance of different functions, and 
at least part of their cells are arranged into layers. The Metazoa present 
higher grade of individualization due to the formation of a nervous 
system which is usually centralised in one part of the body known as 
the anterior end or head. The occurrence of the embryonic develop¬ 
ment in the life-history is another characteristic of the Metazoa. 

The Metazoa are believed to have been evolved by colony formation, 
as was suggested by Haeckel who derived them from the hollow Voloox - 
like flagellate colony. Most writers have accepted this view and thus 
picture the common ancestor of the Metazoa as a little hollow ball 
composed of a single layer of flagellated cells, swimming about with one 
pole directed forward and having an antero-postcrior axis from this pole 
to the opposite one. Haeckel, called this hypothetical organism by the 
name of the blastca which is generally believed to be reproduced in the 
blastula stage of the development of the Metazoa. 

From this one-layered condition of the Metazoan ancestor evolved 
the two-layered condition as envisaged by Haeckel in his hypothetical 
two-layered organism the gastrea, which became the basis of his famous 
gastrea theory that asserts that the gastrea is a common ancestor of all 
the Metazoa and that it is reproduced by the gastrula stage during 
the development of the Metazoa. There arc several theories explaining 
the transformation of one-layered condition into two-layered condition, 
but all start from the assumption that the separation of locomotory and 
digestive functions would be advantageous. It is mostly accepted that 
the posterior cells of the blastca took on digestive functions, and thus 
Haeckel postulated that the two-layered condition of the blastea arose 
by the bending of the posterior half of the blastca into the anterior half 
producing a two-walled cup of which the inner cndodcrmal sac formed 
the archenteron and its external opening the blastopore. 

According to this view the original Metazoan ancestors were two¬ 
layered hollow sacs, with a hollow gastrovascular cavity and are represent¬ 
ed by the Coclenterata. This view, that is generally held, hallowed by 
a long period of acceptance and teaching, regards the Coclenterata as 
the most primitive Metazoa. The sponges do not come into the picture, 
since although multicellular, they arc universally admitted to be a side 
line. 

Another way in which the Metazoa might have been derived from. 
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the Protozoa is by the appearance of cell boundaries in a multinucleate 
syncytium, in other words, internal subdivision of the protozoan body 
by cellularization. This view was not widely accepted because of lack 
of evidences. Recent work of Jovan Hadzi, a German, brings this view 
to the fore front. The researches that Hadzi has made into the structure 
and development of the lower animals for half a century, have led him to 
put forward a theory that multinuclear Protozoa evolved intoTurbellaria 
Acocla, which would be the most primitive Metazoa. From them were 
descended the higher Turbellaria which gave rise to the main lines of 
invertebrate evolution and, in addition and independently, to Coclcnterata 
and to the Ctenophora. 

This revolutionary view has been recently* critically analysed by 
G. R. de Beer who says that “Hadzi has been able to stimulate zoologists 
to re-examine one of the most fundamental of their beliefs, and at least 
to shake it.” The conversion of the Protozoa into Metazoa by aggre¬ 
gation of single protozoan individuals (as suggested by the conversion 
of Volvox- like colony) has grave objections. This may have happened 
in sponges and“is the most likely explanation for the lack of co-ordination, 
integration and individuality” found in the sponges. The only way that 
answers this is cellularization of a multinucleate protozoan such as a 
ciliate. There is no need of a hollow digestive cavity in ciliatcs the same 
is true of the primitive Turbellaria (Acoela) which arc imperfectly ccllu- 
larizcd, for beneath the outermost layer or epidermis, in the more or less 
solid parenchyma of the body, there arc irregularly-shaped syncytial 

4 masses, some of which are concerned with digestion and others with the 
production of reproductive cells. 

If this theory is to be acceptable at least three things need explanation: 
(i) conversion of the Protozoa into Turbellaria, (2) derivation of the 
Coelenterata from Turbellaria, and (j) the position and affinities of 
the Ctenophora. 

Hadzi derives the Turbellaria from Infusorian ciliate Protozoa, some 

firmed "“ lt ‘ nuc '“ ,e . 0nes which developed internal partitions and 
formed the Turbellaria Some small acoel Turbellaria, e.g. Convolute 
are as small as the abates. The Turbellaria are hermaphrodite and 

Fs'covaedTthaTa ( ,t CnVed fr ° m con i u 8 1,ion °f ciliatcs), their body 
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the gut cavity. If a rhabdocoel adopted a sessile life and became fixed 
by its aboral end, its organisation possesses all that is needed for the 
construction of an Anthozoan. Some elements such as nerve centres, 
solenocytes and parenchyma would be expected to become reduced in 
response to the sessile habit. Although Rhabdocoela lack the sagittocysts 
of Acoela, Hadzi suggests that the Coelentcrata inherited the nematocysts 
from prototypes such as the sagittocysts in their turbcllarian ancestors. M 
Hadzi has further drawn attention to the epitheliomuscular cells of the 
Coelentcrata, which is not restricted to them alone, as believed hitherto, 
but believes that they have been derived from the epidermal cells of some 
Turbellaria which have muscle-fibres and which present a more primitive 
condition than that of the differentiated epithelio-muscular cells ofCoelen- 
terata. 


Regarding the affinities of Ctenophora Hadzi suggestes that they 
were evolved from polyclad Turbellaria by neotenous retention of the 
structural features of the larval form of the polyclad Turbellaria known 
as Muller’s larva. This was also suggested by MacBridc. The deve¬ 
lopment of Ctenophora and Polyclada is of a mosaic type, “there is no 
hollow blastula stage, gastrulation occurs by cpiboly, the mouth, pharynx 
and «gut cavity are formed in the same manner, aboral sense organs, 
statoliths and paired tentacles arc found, and there arc great similarities 
in the gland cells of the epidermis” (dc Beer). Based on the close 
affinity between the two groups MacBride interpreted that Muller $ larva . 
represented the pelagic, ctenophore-likeadult ancestor of the Polyclada > 
and that Platvhelmia were evolved from the Ctenophora. Hadzi and 
dc Beer prefer to regard the Ctenophora as descended from Polyclada • 
bv neotenous retention of many of the larval features of the ancestor. 
Some Ctenophora such as Cunoplana and Coeloplana , when adult show a 
spurious similarity with polyclad Turbellaria. 

The history of germ-layers has also been convincingly answered 
by Hadzi’s theory. In some ciliates there already exist different parts 
of the body, which mav be called outer material, middle material and 
inner material, often specialized and diffcrent.ated >ntO compl« 
organelles. The cellularization of these has naturally produced the 
ectoderm, mesodermfcalled mesohyle by Hadzi as it does not pnmitively 
form a layer) and endoderm as illustrated in the Turbellaria Acoela. 

On the whole the theory is quite attractive and convincingly brings 
the Turbellaria Acoela to the status of the primitive Metazoa ."T , 
cave rise to the main lines of invertebrate evolution. But as this is » 
revolutionary view and may well excite incredulity the same order of 
description has not been followed in the text at least for the p 
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The Diploblastica. The sponges, as mentioned earlier, are animals 
organised on cellular basis, definite tissue formation is lacking. In the 
coelenterates, on the other hand, the cells act together in a more co-ordinat¬ 
ed fashion than do the cells of sponges, hence they may be said to have 
reached the tissue level of organization. The organization of cells 
into tissues is a distinct advance in structure, since various cell-functions 
can be performed better by a group of cells of the same kind acting to¬ 
gether rather than by separate cells. The coelcntcrate body is composed of 
two layers of cells, the ectoderm and endoderm connected by structure¬ 
less jcily, the mcsogloca. They arc, therefore, often described as the 
Diploblastica, whereas the other Metazoa arc triploblastic due to the 
intervention of a regular cellular layer, the mesoderm between the ccto- 
and endoderm. In small simple coelenterates such as Hydra the dip- 
loblastic condition is clear but it is obliterated in large jelly-fish and sea- 
anemones, because the mcsogloca is no more thin as in Hydra, but bulky 
or tough (fibrous) containing many cells. For this reason some modern 
authors have preferred to abandon the term diploblastic for the animal* 
of this group as a whole. But it is true that in the diploblastic animals no 
organs develop from the middle layer (mcsogloca) as is the case in the three- 
layered animals. 

Definition. The Coelentcrata [Gr. Koi/os (coel), hollow 4. enteron 
intestine] are tentacle-bearing aquatic Metazoa, either sedentary or frcc- 
swimming, with primarily radial structure. The body presents tissue 
grade of construction composed of two cellular layers separated bv a 
layer of secreted jelly between them. Within the body wall there is 
single cavity, enteron or the digestive cavity, having a single opening 
for ingestion and egcstion. The nervous system is a network of cells 
r Nematocysts of intrinsic origin arc present. 

General Characters. Unlike Porifcra the Coclcnterata present 
definite form, individuality and symmetry. The entire phylum nre 
sents radial symmetry and well-developed tissues, usually also 
Mostly the members of the group arc marine extendi™ f or 8 ans * 
shores to great depths. Thf fr£h-wa«r £"* 

which arc solitary forms without medusoid stages. Other fresh, [t' 
forms are represented by the colonial hydroid CordrlobLra the n. ^ 
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(the hydroids) are the feeding zooids which have sac-like body, closed 
and attached at one end, whilst the upper end of the sac, just below 
the mouth, is drawn out to form a circlets of tentacles. In colonial coe- 
lentcratcs the hydroids are joined to the main part of the colony by tubular 
prolongation from the lower end of the sac. The medusa is the free- 
swimming form specialised to carry reproductive organs. It has a gela¬ 
tinous umbrella-shaped body, margined with tentacles and having the 
mouth on a central projection of the concave surface. The medusa can 
be easily derived from the schematic sac-like form described above. The 
sac flattens from end to end so that a somewhat bell-like structure is 
produced. At the same time there is a pronounced thickening of the 
mesogloea and the enteron becomes restricted to a small cavity into which 
opens the mouth, to the cavities of a number of radial canals, which join 
the central cavity to a circular canal, and to the circular canal which runs 
around the margin of the bell. 

Nematocysts constitute other diagnostic feature of the phylum. 
A nematocyst consists of a capsule having a coiled capillary tube, which 
when stimulated, discharges to the exterior by turning inside out and 
serves to paralyze the prey or to hold it by wrapping around bristles, 
etc., or is used for support, anchorage or adhesion. The coclentcrates 
arc commonly endowed with the power of forming skeleton either 
as cxoskelcton, secreted on the external surface or as cndoskcleton 
formed in the mesenchyme as separate pieces (scleritcs) or ascontinous 
mass. Budding is a common means of reproduction forming cither 
free individuals or colonial zooids. Sexual reproduction usually 
produces an ovoidal uniformly ciliated larva known as the planula. ^ 
No definite agreement has yet been reached as regards classifica¬ 
tion of the phylum. Some writers divide the phylum into two sub¬ 
phyla, Cnidaria including the coclentcrates with nematocysts and 
Ctenophora (Acnidaria) including the ctcnophores, the coclentcrates 
without nematocysts. Others have separated the ctenophores from 
Coclentcrata giving to the group an independent phylum status. The 
division of Coclentcrata into three main classes, namefy, Hydrozoa, 
Scyphozoa and Anthozoa, is accepted by all, but again there is no agree¬ 
ment regarding further division of the classes. The classification followed 
here presents the most convenient course. 

Phylum Coclentcrata 
Class I Hydrozoa 

order i. Hydroidea 
order 2. Hydrocorallina 
order 3. Trachylina 
order 4. Siphonophora 
order 5. Graptolithina 
Class II Scyphozoa (Scyphomedusac) 
order 1. Stauromcdusac 
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order z. Cubomedusae or Carybdeida 
order 3. Coronata 

order 4. Discomedusae (Seamostomcac) 
order 5. Rhizostomeae 
Class III Anthozoa (Actinozoa) 

Sub-class Alcyonaria or Octocorallia 
order 1. Stolonifera 
order 2. Telestacca 
order 3. Alcyonacea 
order 4. Coenothecalia 
order 5. Gorgonacea 
order 6. Pcnnatulacea 
Sub-class Zoantharia or Hexacorallia 
order 1. Actiniaria 
order 2. Madreporaria 
order 3. Zoanthidia 
order 4. Antipatharia 
order 5. Ceriantharia 


CLASS HYDROZOA 

Definition. The Hydrozoa are polymorphic coclenterates with 
tetramerous on polymerous radial symmetry in which both polypoid 
and medusoid forms exist. Exclusively polypoid or exclusively medu- 
soid forms are also met with. Mcsogloea is non-cellular and the gas- 
trovascular cavity is without stomodacum, septa or ncmatocyst bearing 
structures. 

General Characters. The Hydrozoa arc coelcnterates that are 
nearly always colonial typically with free or sessile medusoid phase 
arising as a bud from the polyp colony. Some members of the croup 
exist exclusively in the polypoid phases, for instance the hydras.^ The 
hydras are solitary fresh-water forms reproducing by budding and also 
sexually Similarly there ,s another group (Trachylina) in which usually 
only medusoid stage is represented. These ate mainly marine for™ 
such as Gann (Fig. ,06 C) The following two types, W, and OmL 
present ,11 the characters of polypoid and polymorphic forms? 

TYPE HYDRA 
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Fig. 87. 
Hydra 


A. 

Photograph of Hydro 
w ith bud in living 
Mate. The local species 
is a new one. Hydro 
gangrtica, found in lakes 
and on the banks ol 
Ganges in Allahabad. 
The bod> is 8-10 mm. 
long. When well extended 
the tentacles arc much 
longer than the body 
(sometimes about 50 
min.) Number of tentacles 
is variable. The cavity 
ol the bud is in direct 
communication with that 
ol its parent. The photo 
i% that 01 Hydro liUoralis, 
a close relative of H. 
gauge lie a. 


II. 

The bud grows lon¬ 
ger the next day. Its 
behaviour is relatively 
indc|>ciidcnt ol that oi 
the parent which is con- 
traced in this figure 
while the bud is not. 


Female Hydra liHora • 
/is, with two eggs one 
m the rvary and one 
extruded. 


of about 2 to 5 mm in size. Larger forms of 6 mm to 1 cm. in size arc 
al>«> met with frequently. The closed lower end of the body is normally 
attached to the substratum or t«> water weeds by the basal disc. The 
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Fig. 88. Longitudinal section of Hydra diagrammatic. I, mouth : 2. 
; n«n.toc, so : 4. testis ; 5, sperm, -, 6, bud ; 7. ectoderm ; 8, endoderm ; 
9, gastrosascular cavity ; 10, developing egg ; 11, ovary t 12. basal disc. 

mouth is situated at the apex of the oral cone or hypostome from the 
base of which arise a number of long hollow outgrowths, the tentacles 
The number of tentacles is variable being 4 to to. 

The Body wall. The body wall consists of two layers of cells 
the ectoderm, the outer layer and the endoderm the inner These 
two layers arc separated by a thin layer of structureless jelly. The 
ectoderm is the outer layer of protective epithelium, the cells of which 
show considerable differentiation. The apparently simple ectoderm 
consist of cells which are at least of seven different types („) musculo- 
cpithclial cells, (b) interstitial cells, (r) ncmatoblasis, (<A nerve celk 
(r) sensory (receptor)cells, (') gland cells, and (g) germ cells. ' 

w The musculo-cpithelial cells are cone-shaped cells with their 
broader bases towards the outer side forming the outer coverina of the 
body. Being narrower towards the inner side they have interstices in be 
deeper parts of the ectoderm. Their inner ends' ,Ve dnwn out to for ' 
contractile processes, the muscle-tails at opposite ends with mra cT, 
extending into them (Fig. 8 9 C). These presses S paral el ,0 the 1 ^ 
axes of die body, resemble muscles of higher animals a£d sometimes show 
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Fig. 89. Hydra structure as seen in mic¬ 
roscopic sections.* A, cross section enure ; B, 
enlarged cross section ; C, epithelio-muscular 
cell (hiphly magnified) D, Fibril arrangement 
of the same. 


cross striations, hence the 
name. They form the 
major part of the ecto¬ 
derm. 

( [b ) The interstitial 
cells are small rounded 
cells occupying the inter¬ 
stices between the muscu- 
loepithclial cells. They are 
simple undifferentiated 
cells and are capable of 
giving rise to other types 
of ectodermal cells includ¬ 
ing the reproductive cells. 
Mainly they are busy 
replacing the ncmatoblasts 
that are being continually 
used up. 

(/) The ncmatoblasts 
(or cnidoblasts) are inter¬ 
stitial cells that have be¬ 
come extremely specialized 
forming a ncmatocyst in 
the interior. These cells 
arc usually found in groups 
embedded in the superficial 
layer of the ectoderm. 
They arc more plentiful in 
the tentacles, each nema- 
toblast secretes a nemato- 
cyst, but how it is done 
is not clearly understood. 


The ncmatocyst consists of a fluiu-filled bladder or capsule of spherical, 
oval or pyriform shape into which lies a hollow coiled thread, that is 
fastened to the narrower end of the capsule and is continuous with its 
wall. On one side of the ncmatocyst, on the outer surface, is a smal 
protoplasmic projection, the cnidocil or trigger. When the cnidocd 
is properly stimulated the ncmatocyst is discharged. The stimulation 
may be brought about by the touching of the cn.doc.l by food, prey or 
encmv or by "the contact of chemicals released by these Exact mode of 

stimulation is not understood. On discharge the coiled thread is shot 

out and penetrates the tissues of the prey and discharges into them poison¬ 
ous fluid which has a powerful paralysing effect even on large animals 
like water-fleas. 

In the development of a ncmatocyst, an interstitial cell produces 
• cvtoDlasm a structure which has at first the appearance of a 
olc and which later develops into a minute capsule containing 
: thread ‘hat becomes surrounded by a fluid. Apparently «he 
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thread originates as an ingrowth ftom one side of the capsule. 
The nematocyst is not a cell, but a capsule containing a hollow 
inverted thread and produced within the cytoplasm of a modified 
interstitial cell, the cnidoblast. The cnidoblasts may migrate 
leterallv from body to tentacles. The cnidoblasts are not under nervous 
control, they appear to be independent effectors, that is, structures 
responding directly to stimuli. The cnidoblasts and their contained 
nematocysts arc not affected by mechanical stimuli, but suitable 
chemical stimuli are very effective in bringing about their discharge. 
These chemical substances diffuse into the water from the small 
organisms that are the food of the hydra. 

The nematocysts discharge by the eversion (turning inside out) 
of the tube to the exterior rather sud¬ 
denly. The cause of the sudden eversion 
is not exactly known. Many theories 
have been put forward to explain this, 
but the most acceptable and, probably 
the oldest, suggests that the nematocyst 
discharges because of the increase of 
osmotic pressure inside the capsule. 

This increase of pressure is brought 
about by the entry of water inside the 
capsule. With the help of coloured water 
it has been demonstrated that water 
enters in when the nematocyst dis¬ 
charges; further, discharge takes place 
only in the fluid medium. Contraction 
of the ncmatoblast is also said to con¬ 
tribute to the discharge. Thus the intake 
of water into the capsule plus the assis¬ 
tance, in some cases, of a ncmatoblast 
contraction is the most satisfactory 
theory based on the available facts, that explains the discharge of a 
nematocyst. 

There are different types of nematocysts apparently to serve different 
functions. The largest in Hydra is the penetrant type. The tip of the 
thread in this case is open and it penetrates the tissues of the prey and 
releases poisonous fluids. The pear-shaped volvent type are closed at 
the tip and are used to hold the prey by binding about its bristles. The 
glutinant or adhesive type are used to fasten the tentacles to solid objects 
when the hydra is looping. The glutinant type presents two varieties 
in itself. The streptoline glutinant is oval, the thread of which 
bears minute spine-like structures and may coil upon discharge, whereas 
the stereoline glutinant discharges a straight unarmed thread. A 
nematocyst can be discharged only once. Used ones are discarded and 
are replaced by new ones. 

Several attempts have been made to elucidate the nature of the 



Fig. 90. Nematocysts of 
Hydra. 1, a nematoblast with 
undischarged thread and 2 ; 
discharged penetrant nemato¬ 
cyst. 1, cnidocil ; 2, contra¬ 
ctile fibres ; 3. nucleus, 4, 
the nematocyst thread. 
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Fig. 91. Different types of nematocysis. A, the nematocvsts : a. stcreolinc 
glutinant ; b. strcptoline glutinant ; c, voivcnt ; d. penetrant. B, the penetrant ncmato- 
cyst. after penetrating the hard chitinous covering of the prey ; C, several 
nematocysis have captured the bristle of the prey ; D. tentacle with neinatocyst 
batteries. 


material ejected from the ncmatocyst tube, but none with any success. 
In the majority of cases it has paralyzing action on the prey and is ob¬ 
viously toxic. In some cases the material evokes a burning sensation 
in the human skin, but not so among the Hydrozoa. 

(</) The nerve cells arc derived from the ectoderm, but lie in 
close contact with mcsogloea, which they actually penetrate and form 
a network on its cndodcrmal as well as ectodermal surface. Each 
nerve cell has a cell-body, containing the nucleus, and a number of bran¬ 
ching processes the liner ends of which form a nerve-net. Some nerve 
fibres are connected to the receptor cells and others to the musculo- 
epithclial cells and to the cndodcrmal cells. 

(r) The sensory cells or receptors arc small columnar cells plentiful 
in the ectoderm than i.i the endoderm. At its free surface each sensory 
cell bears a minute conical projection and the inner end is connected 
to a nerve fibre. 

(I) The gland cells are confined only to the basal disc where they 
secrete sticky secretion for adhesion to the substratum. 

(p) The reproductive cells arc produced by the repeated divisions 
of some of the interstitial cells in certain restricted regions of the body. 
These regions of active germ cell proliferation arc called gonads which 
may be differentiated into ovary or testis at a latter stage. 

The endoderm is the inner layer of cells. It is comparatively 
simpler in structure and consists chiefly of a single layer of large glandular 
cells of columnar variety resting on the mcsogloea. Their free surfaces 
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Y\g. 92. Movement of Hjdra. 

form the lining of the gastrovascular cavity, whilst their bases are prolonged 
into muscle-tails which run at right angles to the body. Some of the 
cells of the endoderm are amoeboid and engulf food particles by throwing 
pseudopodia; whereas there are other cells that bear flagella. Between 
the large endoderm cells a few interstitial cells are also found, besides 
scattered receptor cells. 

Large endoderm cells of one species of hydra (H. viridis) lodge small 
spherical green algae called zoochlorcllac in large number imparting 
green colour to the animal. They are symbiotic plant bodies as were 
noted in some radiolarians and arc also found in many other coelcntcrates 
V such as corals and sea anemones. 

Movements. Hjdra is a quiet animal and remains attached to the 
substratum by its basal discs. Some observers have seen it moving 
to favourable position by gliding along the substratum by amoeboid 
movements of the cells of the basal disc. Occasionally the disc secretes 
a bubble in mucous which enables it to rise in water and float 
on the surface (Fig. 92 ). Normally, however, the hydra moves by a 
somersaulting or looping type of movement. The erect body bends 
over, attaches the tentacles to the substratum by glutinant ncmatocysts, 
releases the basal disc, moves it to a new site in the direction of movement 
and then disengages the tentacles and again assumes an upright position. 
The looping process continues till the proper site is reached. Some 
hydras have been seen moving with the help of tentacles in an inverted 
position. An interesting mode of “climbing” has been reported in the 
case of the brown hydra, Pelwatohydra oligaciis. It attaches its long 
tentacles to some objects, releases the basal disc and then contracts the 
tentacles. As compared to the brown and white hydras the green hydra 
. is more active. 

The body of hydras also shows movements. It can extend its 
body to a remarkable degree and may look 'like a long slender thread, 
almost transparent in consistency. On being disturbed it contracts 
immediately becoming like a small barrel. The contraction is brought 
about by the contractile action of the muscle-tails of the musculoepi- 
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thelial cells, whereas extension of the body is effected partly by the 
elasticity of the mesogloea and partly by the contraction of the muscle- 
tails of the endoderm cells which makes the body thinner. The tentacles 
arc very mobile structures, they move in all directions. Their move¬ 
ments are apparently purposive. They also contract after the applica¬ 
tion of an unpleasant stimulus. The withdrawal of tentacles and con¬ 
traction of the column are followed by a period of rest after which sets 
in a gradual extension of the tentacles and the column. Amidst abundant 
food material the extension is rather quicker. 


Feeding. The food of Hydra consists of minute Crustacea, insect 
larvae and similar animals. It also damages trout nurseries by eating 
newly hatched ones. At times it swallows prey larger than itself. In 
feeding, the hydra remains attached with almost motionless tentacles 
trailing in the water. When a small crustacean or other animal contacts 
one of the tentacles in passing, the ncmatocysts explode and the numbing 
threads are shot out. Of these the penetrants pierce the body ot the 
prey and inject a poisonous substance, contained in the capsule, that 
paralyses the prey. The volvents wrap about appendages and other 
parts whereas the glutinants may fasten to its surface. Finally, the 
tentacles are wrapped round the prey and contract, drawing the prey 
towards the mouth, which opens widely to receive it. The victim is 
swallowed by means of muscular contractions of the body wall, aided 
by the slimy secretion from gland cells lining the inner side of the 
hypostomc (Fig. 93 ). 

Dieestion lakes place in the interior of the cavity. The ingested 
food is shifted by peristaltic contractions of the body to a position 



Fig. 94. Hermaphrodite species of Hydra showing the testes groving in the 
upper part of the column and the ovary on the lower. Sections of the testis and 
ovary have also been shown. 

in the distal half of the entcron where the preliminary digestion 
takes place. As the food mass is never found at proximal levels, 
a physiological division of the entcron into gastric and intestinal 
regions is apparent, but there is no structural differentiation. The 
endoderm cells of the distal portion, however contain relatively 
num ^ cr &l an d cells. If the food material ingested by a 
A hydra are examined during the earlier stages of digestion they 
are found disintegrating ia the same manner as food in the 
stomach of any carnivorous animal. First the food ingested into the 
•interior is killed by juices secreted by endoderm cells and contain¬ 
ing digestive enzymes chiefly of the protein and fat-digesting 
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types. The digestive fluid reduces the digestible parts of the prey to 
a thick suspension containing many small fragments, which are then taken 
into food vacuoles by the pscudopodial activity of the nutritive endoder- 
mal cells. The digestion is completed within these cells and the indigesti¬ 
ble remains are" returned to the exterior. ' ru * % ' u "' w * Ul 


dic remains are returned to me exterior. Thus, in the hydras the 
preliminary digestion takes place in the enteron outside the cells of the 
endoderm, />, the process is extracellular (as in most higher animals) ^ 
but the completion of the process is brought about within food vacuoles 
the endoderm cells, i.e. y the process is intracellular like that of 


in 


protozoans. It is evident that the process of digestion is quite 
interesting in the hydras being both extra- and intracellular. 

The digested food is passed by diffusion from cell to cell. Currents 
set up by muscular movement of the body and by the beating of the 
long flagella of the endoderm cells circulate the food throughout the 
cavity of the body and of the hollow tentacles. The cavity serves twofold 
purpose of digestion and circulation, hence is called the gastrovascular 
cavity. The insoluble remnants of food particles left in the central 
cavity are eliminated with the water current through the mouth. 

Respiration and Excretion. No definite organs of respiration 
are present in Hydra. It is, however, concluded that both the gaseous 
interchange necessary for respiration as well as excretion of waste nitro¬ 
genous matter takes place by diffusion through the whole surface of the 
body. The circulation of water in the gastrovascular cavity ensures 
that most of the cells of the body arc freely exposed to the surrounding^ ^ 

Reproduction. Asexual. When well fed and healthy Hydra 
reproduces ascxuallv by budding. The buds occur about one-third the 
length of the column from the basal disc. Both endoderm and ectoderm 
grow rapidly at one point forming a protuberance into which extends 
a diverticulum of the gastrovascular cavity. This increases in sue and 
soon develops tentacles at its outer end. In two or three days the bud 
looks like a little hydra, complete with the s^k, tentacles and mouth. 

At it sbasc the enteron of the bud is continuous with that of the parent. 
Soon its attachment to the parent gets constricted, the enteric cavi i 
of the two separate and the young individual detacher and takes up 
independent life. 

Regeneration. Hydro possesses a marked capacity for replacing 
injured parts and tentacles, etc. If it is cut into two parts each w, build 
up its lost part growing into a full individual. Evc n quite s m al frag- 
ments are known to reform complete animals provided heyarenot 
below a certain minimal size, and that both ec o- and endoderm are 
present. Hydra thus provides a fairly extreme example of regeneration. 

Sexual. At certain times of the year (generally autumn or win'et)* 
Hydra reproduces sexually. Both male and female sex cells occur ® 
the same individual which is therefore described as hcrm ^ r °^, 
Tn some other species the two sexes are separate and the m»lc and fcmale 
individuals can be distinguished. Even in the hermaphrodite species 


PHYLUM COELENTERATA 


145 


self-fertilization is not possible, because as a rule, the testes become mature 
first and release the male cells, the spermatozoa, before the female cells, 
the ova, are ready to receive the sperm. The gonads are temporary 
structures formed by the active multiplication of some of the interstitial 
cells of the ectoderm which cause the body wall to bulge locally. It is 
difficult to distinguish a testis from ovary in the earlier stages because 
^ both present apparently similar masses of cells. This bulge differs from 
that of the bud in that it contains no mesogloea and the endoderm cells 
do not take part in its formation (Fig. 95). The testes are commonly near 
the hypostome and the ovaries towards the basal disc, though this cannot 
be regarded as a definite rule. 



Fig.. 95. Spermatogenesis, fertilization and development of the embryo in 
Hydra. A, spermary ; B, growth of the spermary ; C, maturation, D, spermatids ; 
E, ovary ; F, fertilization ; G, cleavage begins ; H, fcurccll stage : I, blastula ; 
I • section of the blastula ; J and J, advanced embr>os. 

During the earlier stages each gonad is filled with actively dividing 
germ-mother cells. Later these cells become transformed into spermmo- 
ther cells in the testes and are known as spermatogonia. These undergo 
a reduction division to form large numbers of tailed spermatozoa. The 
testes are simple conical protrusions often provided with a nipple for 
the exit of the sperms, but such nipples are lacking in the brown hydra 
in which the outer wall ruptures to allow the sperms to pass out. In the 
ovary, on the other hand, the interstitial cells fuse with or engulf each 
other and a single large food filled ovum is formed after it undergoes 
a reduction division (Fig. 95). 

Fertilization. The mature egg breaks through the covering ecto¬ 
derm and projects with its outer surface freely exposed to the water. 
1 he ectoderm withdraws forming a little cup or cushion on which the 
egg rests. Sperms discharged from the testes, swim through the 
water and surround the egg, one of which enters and effects fertiliza¬ 
tion forming the zygote. If not fertilized within a short time after it 
is first exposed, the egg dies and degenerates. 
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Development. Soon after fertilization the zygote begins to divide 
(cleavage). First it forms two cells which promptly divide forming four 
cells (Fig. 95 H). As a result of continued division a ball of more or less 
equal-sized cells is formed. Internally a cavity appears in the cell-mass, 
which is known as a blastula, the cavity being termed blastocoel (Fig. 
95, i,i’). The blastula is thus one cell-layered hollow ball. The cells 
forming the single layer divide and migrate into the blastocoel from 
all directions gradually obliterating it. The process is known as gastrula- 
tion whereas the embryo is the gastrula. Meanwhile a new cavity, 
the enteron, appears in the mass of the central cells. As the gastrulation 
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Fig. 96 . A. lower part of Hylra lillcrcli, with a developing egg enclosed in the 
spiny ihcca. B, Embr>o hatching. 


completes the otster layer of cells produces a heavy covering of horny 
envelope or shell, and the gastrula usually separates from ‘he parent 

body and becomes attached, by a sticky ma°v ha'.chS ^B) 

Under favourable circumstances the young hydra may hatch (Hg. 960; 
from the shell after a week or so; or it may rematn quiescent m, the hove 
state until next spring if the conditions are Mbmdk . \\ hen 

development is resumed, the outer layer forms the ectoderm, the inner 
cells form the endoderm, the embryo hollows out, tentacles deve op ^ 
and a mouth breaks through. Finally the shell -pturesand the young 
hydra hatches. At this stage the embryo is ailed a larva by some pcopl 
though essentially it is just like a young hydra. 

Behaviour. Compared with the sponge Hydra shows more 
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varied and complex behaviour. The 
hydras have a definite network of nerve 
cells (Fig. 97) that is slightly more 
complicated around the mouth than 
elsewhere. Definite controlling centre 
of nerve cells or brain is not known 
and there arc no definite pathways 
for the impulses which travel in any 
direction. Thus an impulse picked up 
at any place in the network can spread 
from one nerve cell to another in all 
directions. A very strong stimulus 

applied to the tip of one tentacle mav 
cause the whole animal to contract. 

Besides, the nerve impulses travel 

rather slowly here. Such a nervous 

system does not form an efficient 

mechanism, but it is evidently quite 
helpful to the animal basically due to 
its sedentary habits and limited acti- 
vines. The stimuli arc received by g ‘ 97< Ncr ™-nct of Hydra. 
the senson- cells from which the impulses arc picked un bv thr 

“S, 2'““' h <*— *» » 

BUM* 

chemical substances is negative Thcv trv t0 in l urious 

enough certain unfavourable factors such 7s rich fccdin^T . Curiousl r 
turc, and foul water throw the hvdras in a WerJ? f cd !_ n S* high tempera- 
as depression- under the 

tentacles and column, beginning at the distal end shortening of 

remain unchanged this may result in ultimate d^* 10 ' * f . the conditi ons 
conditions improve the animal ^y *»«***»> and if the 

When H. viridis is at rest the tentacles and ^ 1 
Wagner, exhibit rhythmical contractions in Zhi u f° Iumn * according to 
in sympathy with those of the parent. TheTe^ uV* °f buds act 
some internal stimuli. I n H. vuharit ™ believed to be due to 

observed. This species, however when it * UCh P! 07 ® 01 **** have been 
the direction of its tentacles abou’t once i^h^n hour PW7 ChangCS 
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Obeli a is the nearest marine relative of the hydras that forms 
branching plant-like colonies attached to rocks, wharf pilings and the 
surface of the sea-weeds, etc. The colony arises by budding from a 
single hvdra-like individual. The buds do not separate as in the 
hydras with the result that a treelike colony is formed. The colony 
is polymorphic but the activities of the individuals are subordinate 
to the' colony as a whole, as such they arc sometimes referred to as 
subindividuals. 


Form and Structure. The colony of Obeli a is small whitish in 
colour attached to the substratum by small tubes, the stolons, that 
form a branching root-like .angle called the hydrorhiza on .hc sub- 
stratum. The stolons give off numerous upright buds that torn 
polypoid colonies. The main sulk of the colony is known as the 
hydrocaulus that bears the zooids of the colony. The stolons n 
hydrocaulus consist of a living hollow tube, the coenosarc which is 
surrounded by a yellowish or brown ch.t.nous tube the pensarc. 
The coenosarc consists of an outer layer, the ectoderm, the mcsogloca 
anti the endoderm. The ectoderm secretes the pertsarc a. • pro¬ 
tective tube. The gas.rovascular cavity enclosed by *be 'oenosarc 
is continuous throughout the colony. The zooids of the colony are of 
two types, hydranth. and bla.tos.yle. and are attached atefMtdy °n 

opposite sides of the hydrocaulus Basically bo, f h 'b'A’ H .hc diffe- 
blastostvlcs are modifications of the hydroid type of zoo.d and the d.ffe 
rence in their structure is correlated with the functions they pertorm. 

T* hydranth. » « 

S£ 3: -Hr i-aa 

As mentioned above the . x xvhich is absent in the hydras, 
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Budding. The in¬ 
dividuals increase their 
number by bu dding. In 
addition to the continous 
budding on any vertical axis 
the horizontal stems also give 
rise to a scries of upright 
colonies by budding. Sexual 
reproduction does not occur 
in a polyp colony, but 
special reproductive zooids 
arc formed which are 
specialized for asexual repro¬ 
duction of a special type. 
These are the blastostyles 
or gonozooids. 

The blastostyles arc 
club-shaped projections 
bearing special asexual buds 
or gonophorcs on their 
sides. Basically a blastostyle 
is a modified hydranth—the 
tentacles of the hydranth 
arc reduced and eventually 
lost, the mouth is closed 
Fig. 100 . Obtlia, sagittal half of a hydranth and the gastrovascular 
showing the structure in details. cavity is reduced. 1 nC 

blastostyles arc produced, when an erect stem has reached its full develop¬ 
ment, as buds in the axils of some of the lower hydranths. K^h blaS- 
tostyle is enclosed in a vase-like case of pensarc known as the gonothcca, 
the opening of which is closed by the tip of the blastosty1 t or I y a ltd 
The gonothcca together with the blastostyle with >« ™ 

is called a gonangium. The lateral buds or gonophorcs develop into 
medusae (singular medusa) which when fully formed are set free and 
swim away from the parent colony. 

In the formation of a medusa first a bud appears as a simple diverti¬ 
culum of the cavity of the blastostyle (Fig. m. A), soon the ectoderm spl.ts 
oft forming an outer layer that takes no part in the further ‘te'^opment 
but remains as a mantle covering the gonophore (Fig. 101C D), the inn 
lavcr on the other hand acquires a cavity which enlarges and assumes the 
shape of the subumbrella cavity with the manubrium in its centre (Fig. 
,o,r). The cavity, at this stage, is lined with ectoderm throughout, being 
closed externally by a layer of ectoderm which extends from one margin 
of the umbrella to the other. This layer at last breaks through and its 
remnant forms a circular shelf projecting inwards from the margin of the 
umbrella (Fig. 101F). This shelf is known as the velum and is a perma 
nent feature' of most of the hydroid medusae but diminishes in Obeha, 
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becoming almost vestigial, Later the 
mouth opens at the tip of the manu¬ 
brium, tentacles develop as outgrow¬ 
ths at the margin and finally a 
constriction separates the medusa 
from the blastostyle. The little 
medusa thus separated escapes 
through the aperture at the tip. 

Medusa. A medusa is a modified 
zooid which is solitary and free 
swimming. A typical medusa con¬ 
sists of a bowl-shaped gelatinous disc 
or umbrella whose concave surface is 
described as the subumbrcllar sur¬ 
face, and outer convex surface as the 
cxumbrclla. From the middle of the 
subumbrcllar surface hangs a cvlind- 
rical or quadrangular projection the 
manubrium, at the apex of which is 
situated the mouth. The mouth 
leads into a small central cavity which 
is cither rounded or quadrangular 
and is known as the gastric cavity 
or stomach. From the gastric cavity 
four gastrodcrmal canals radiate 
to the margins of the bell. These are 
the radial canals and mark out four 
principal radii known as per-radii. 



Fig. 101. Diagram to show the 
development of meJusae trom 
a blastostyle ; A—E. different stages 
in the formation of a medusa. 1, 
blastostyle ; 2. bell rudiment ; 3, 
tentacle, dotted line marks the 
position of the gonotheca. 


The radial canals open into a ring 
canal (circular canal) running in the margin of the bell. Thus it is 
clear that the manubrium, stomach, radial canals and the ring canal 
constitute the gastrovascular system of the medusa. In most of the hydro- 
medusae the edge of the umbrella is produced inwards forming a very 
narrow fold or shelf known as the velum. The velum is rudimentary 
in the medusae of Obe/ic. 


The margin of the umbrella is circular and bears numerous tentacles 
and sense organs. The tentacles have a solid core of endoderm and 
their number increases with the age of the medusa. The tentacles arc 
given definite names depending upon their position on the margin. 
Those at the ends of per-radii arc known has per-radial tentacles; those 
situated on the inter-radii (radii bisecting the angles between the per-radii) 
arc known as inter-radial tentacles; and adradial tentacles are situated 
at the radii drawn so as to bisect the eight angles between the per-radials 
and inter-radials. At its base each tentacle is swollen forming an enlarge¬ 
ment or tentacular bulb, which is packed with interstitial cells that 
secrete nematocysts and replace them as and when needed. The tentacles 
are abundantly provided with nematocysts and with sensory cells. In 
*omc cases the tentacular bulb may bear an ocellus (Fig. 104). 
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Fic. 102 . Generalised plan of ihc structure of a medusa, a pan of which has 
been removed to show internal structures (from Prasad and Vcrma). 1 , exum&reii 
surface; 2, seise on an; 3, nerve ring : 4. velum ; 5, manubrium : 6, m«OBloea» 
7 , Rastrovascular cavitv ; 8, gonad ; 9 , circular canal cut transversely ; 10 , margi¬ 
nal vesicles ; 11, tentacles. 

The outer surface of the manubrium, and the ex- and subumbrcllar 
surfaces arc covered with ectoderm mostly cuboidal or columnar. It 
is liberally supplied with ncmatocysts which are particularly abundant 
on the margin of the umbrella and around the mouth. 'I hc bases of the 
ectodermal cells arc drawn into long processes which arc like the muscle 
tails of the musculo-cpithdial cells of Hjdra, but are more prominent and 
developed so much so that they may be said to form definite muscle cell. 
They arc smooth contractile and longitudinally disposed in manubrium 
and tentacles and weakly developed radial fibres in the subumbrella. 
Besides these in the subumbrclla and the velum (where present) highly 
developed striated circular muscles arc also present. The endodermis is 
similar histologically to that of hydranths wherever it is digestive in 
nature. It lines the manubrium, the stomach and forms the walls or 
the radial and ring canals. In the aboral walls of the canals it is 
flattened. This flattened endodermis continues as a one-layered sheet 
the endodcrmal lamella, between the radial canals. The mcsogloea 
is a thick gelatinous mass Iving wholly between the endoderm and the 
cxumbrcllar epidermis. It is crossed by fibres of unknown origin. 

The nervous system consists of a nerve-net (like that of Hydra) 
on each side of the mesogloea, but in the medusa nerve cells and fibres 
are specially concentrated around the margin of the bell to form 
a double circular nerve ring. The upper ring receives fibres from 
tentacles and sensorv structures of the margin and the lower ring receives 
fibres from the statocysts and supplies the subumbrcllar musculature. 

The sense organs make their appearance for the first time in the 
invertebrate world in the medusa. Their appearance is associated with 
the active free swimming life. The sense organs, essentially structures 
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for the perception of 
the factors of the ex¬ 
ternal world would be 
of little use to the 
sedentary colonial 
phase. The statocysts 
and ocelli (“eyes”) are 
the chief sensory 
organs of the hydro¬ 
medusae. The stat- 
ocyst or marginal 
vesicle is an ectoder¬ 
mal pit or vesicle on 
the subumbrclla surface 
just inside the margin 
(at the velar base where 
velum is present) filled 
with fluid. This sac 
contains a movable 
round particle made of 
organic material and 
calcium carbonate called 
the statolith, secreted 
by a large cell, the 
lithocyte (Fig. 104A). 

The wall ot the sac 
bears a patch of sen¬ 
sory cells bearing fine 
processes which arch 
over the statolith. 

The statocysts are 
usually located between 
the bases of the tentacles 
and arc considered to 
be organs of equili¬ 
brium. As mentioned 
above they are con¬ 
nected to the lower 
nerve ring. When the 
medusa is swimming 

horizontally the statolith rests at the bottom of the statocyst but when 
the medusa is inclined the statolith falls against the processes of the 
sensory cells and stimulates them. A nerve impulse is initiated and 
transmitted to the nerve ring and by the contraction of the required 
ectodermal muscles the medusa is again brought into the horizontal 
position. The statocysts are also believed to aid the swimming move¬ 
ment of the medusa. b 

The ocelli, when present, appear as red, brown or black spots 
usually one on each tentacular bulb (Fig. 104 B,C) which may or may 



B 

Fig. 103. Medusa of Obtlia. A, mature medusa, 
with everted umbrella B, a portion of the same 
presenting oral aspect. 1, tentacle ; 2, marginal sense 
organs ; 3 radial canal ; 4, gonad ; 5. manubrium ; 
6, base of the tentacle ; 7, circular canal ; 8, 
mouth. 



Tic. 104. A. longitudinal section of the base of an adradial tentacle ; B, 
tentacle base of Sorsia ; C. bell-margin of an anthomedusan. 1, tentacle base ; 
2. endoderm lamella ; 3, statolith ; 4. seme cell. 5, tentacular swelling ; 6. ectoderm; 
7. oculodermal core ; 8. circular canal ; 9. tadial canal ; 10, ring canal ; 11, 
tentacular bulb ; 12. ocellus ; 13. circular canal ; 14, tentacle. 


not persist as a tentacle. In the forms in which the tentacles occur 
in clusters (Bongaihril/ia) the single tentacular bulb of the cluster bears 
as many ocelli as there are tentacles. An ocellus consists of a group of 
pigment cells (probably epidermal) interspersed with sensory nerve cells 
in its simplest form, and presumably serves for clear and exact perception 
of light. 

Swimming Movements. The medusa swims by alternating, 
closing and opening movements of the bell, the closure of which is 
brought about by contraction of ectodermal muscle-tails. As the con¬ 
tractile elements are best developed in the sub-umbrcllar surface the 
wave of contraction spreads from there and ends at the upper surface, 
where it docs not occur at all. Opening of the bell is brought about by 
the clastic mcsogloca that regains its shape. The opening is also partly 
helped by contraction of the muscle-tails in the middle of the upper sur¬ 
face. Thus, the rhvthmic alternating closing and opening movements 
are responsible for their locomotion but they are powerless against 
currents and winds along which they arc easily swept. 


Feeding. The medusa are strictly carnivorous. They ingest 
anv small animals of appropriate size that happen to come in contact 
with the tentacles. The crustaceans, nematode and annelid worms, 
eggs and larvae and even small fish constitute common food ot the 
medusa. The digestion is both extracellular (in the main gastrovascular 
cavity) and intracellular in the endoderm of the manubrium, stomach 
and tentacular bulbs, when present. Tentacular canals when present also 
ingest food particles. 

Reproductive Organs. Medusae are sexual individuals of the 
Hydrozoa. Nearly always they are dioecious (except the monoecious 
EUuthcria). The gonads are four in number, one in the middle or he 
length of each radial canal. They arise as ventral diverticula of the 
radial canals which push the mcsogloca and the ectoderm befor 
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Fir- 105 . Life-cycle of Obtlia. 1 , zrpote ; 2 . planula, attaches to the substra¬ 
tum and develops into a polyp ( 3 *— 4 ) which produces the full-fledged colony ( 5 ) by 
^budding ; 6 meJusa of Obtlia. 

them and project from the subumbrcllar surface. The germ cells develop 
from various sources. Usually they develop from the interstitial cells 
located either in the ectoderm or endoderm. They are also known to 
• develop from ordinary ectoderm or endoderm. The germ cells in 
the medusa of Obtlia make their appearance quite early when the medusa 
itself is being formed on the blastostylc. They originate 
in the ectoderm of the manubrium, then migrate to the endoderm, 
eventually to the gonads. Before maturity they leave the endoderm 
and between the ectoderm of the subumbrcllar surface and the meso- 
gloea. The routes of the sex cells from the place of their development 
to the gonad is more or less definite for the species. The gonads are 
simply accumulations of sex cells which when ripe escape into the sea 
by the bursting of ectoderm covering them. The spermatozoa are of 
the ordinary flagellate type that is formed after typical spermatogenesis 
and the ovocytes form the egg in the way in which they are formed in 
Hydra. 


Development. Fertilization takes place in the sea. The deve- 
^ lopment is also simple but apparently without definite arrangement of 
blastomeres in the embryo. The segmentation ultimately results in the 
formation of a hollow blastula which becomes solid by the budding off of 
cells from the blastula wall (compare Hydra). Later the outer layer of 
cells become uniformly ciliated and form the larva known as planula. 
The outer layer is the ectoderm the inner is the endoderm, which 
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splits forming a cavity, the entcron. The planula attaches itself by one 
end to some submerged object, elongates, develops a mouth, sprouts 
tentacles and thus changes into a hydroid zooid which by budding 
forms a new colony. 

Thus it becomes apparent that the colonial hydroid phase in Obtlia 
alternates with the medusoid phase. This, however, cannot be called 
alternation of generation or metagenesis in the true sense as some older 
people believed, because in this there is no alternation of diploid 
(asexual ) and haploid (sexual) generations. Here both the generations 
are diploid (only gametes being haploid) and the so-called generation 
bearing gametes docs not arise by the division of a single cell. The 
medusa is merely a zooid modified for leading a free-swimming 
life to enable the sedentary colony to effect dispersal of gametes and 
prevent over crowding of the species at a place. Thus it can be easily 
concluded that thezooids are polymorphic; some arc specially modified 
for feeding (hydranths), some for budding (blastostylcs) and some for 
sexual reproduction and dispersal of gametes (medusae). 


CLASSIFICATION 

Class Hydrozoa is divided into five orders, vr\. Hydroida, 
Hydrocorallina, Trachylina, Siphonophora and Graptohthina. 

Order 1 . Hydroida in which the polyp generation is well deve¬ 
loped, solitary' or colonial, and usually buds eft small free-swimming 
medusa that bear ocelli and ectodermal statocysts. The hydroid type* 
are either without theca (Athccata or Gymnoblastea) or are heca e 
(Calvptoblastea or Leptomedusae or Theconhora). To the A'hccata 
belongs the family Hydridae including the fresh water polyps or the 
hydra! such as Hydra, P'hMra, etc., without medusa stage. The 
foregoing account of the freshwater polyp applies to these. 

Other well-known athecates include 7 Maria that forms loose 
racemose colonies of long-stemmed pink hydramhs distinguished by 
iTnrl nrr.ximal circles of filiform tentacles and giapc-likc bunches 
of gonnphores. V^HfainriiHa (Fig. <o6B) is another type without 
hvdrothcca in which bell-shaped medusa are usually produced, bet not 
ITL. , ct frce Gonads are located in the walls of the manubrium and 
have no statocysts. Marginal eye-spots are present. Hydrarli„ia( Fig. 107 A> 
is a curious genus in which the coenosarc is massive very often found 
coating a shell, inhabited by Hermit-crabs, so as to form a brownish 
c™ The hvd.anths are simple often spiral with very short tentacles 

abundantly supplied with nematocysts, capable ot very active movements 
ahunoan u dactv , ozooids# The gonophores arc sessile. The 

an • HvJraf/initJ and Hermit-crab is commensal in nature. 

T^h droid fe^ds uAn the minute particles of the crab’s food and in 
"urn protects it from enemies, which leave the crab because of the 
presence of the inedible stinging hydroid. 
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The calyptoblastcan hydroids include Obe/ia (family Campanulariidae), 
Campanula™, Cy/'a (Fig. ic6 E), Serfu/aria (Fig. 106 A), Lovendla , 
Diphasia (Fig. 106 D) etc. 

Order 2. Hydrocorallina. The Hydrozoa characterized by hard 
massive calcareous exoskelcton in which the coenosarc is embedded. 
The hydranths protrude through the pores on the surface. Polyps are 
dimorphic. This order includes MilUpora and S/y/aster. 

M///ep0ra( Fig. 107, C.D) forms upright leaf-like branching calcareous 
growths which may attain a height 1 or 2 feet and are mostly white, 
flesh-like or yellowish in colour. They arc common in the shallow waters 
of tropical seas. The surface of the calcareous mass or coenosteum is 
covered with numerous minute pores usually of two types, (/') the larger 
ones about one or two mm. apart called gastroporcs through which 
polyps project in life, and (/V) the smaller ones called dactyloprcs 
through which the dactylozooids project in life, these pores are 
irregularly scattered usually but in some cases the dactylopores 
arc arranged more or less in a circle around the central gastroporc. They 
arc regular components of coral reefs. 

Slylasltr (Fig. 107F) forms remarkably elegant, abundantly branched 
trec-likc colonv of deep pink colour. The branches carry little cup-like 
projections with radiating processes converging towards the centre. 
From the cup project several zooids, a polvp from the centre and a dacty- 
lozooid from each of the compartment of its peripheral portion. From 
the bottom of each cup rises a calcareous projection, the style (hence 
S/ylat/tr). In this case the medusoid character is much more lost and the 
gonophorcs arc more like sporosacs or degraded reproductive zooids 
lodged in spherical chambers of the coral. They arc found in warm 
tropical and subtropical seas from shallow to deep waters. Some 
extend into temperate zone. 

Order 3. Trachylina. The Hydrozoa in which usually only the 
medusoid stage is represented. The hydroid stage is cither minute 
(Fig. 108D) or wanting being represented by the planula larva which 
directly metamorphoses into a medusa. Statocysts arc present. The 
generative organs arc located on the radial canals or on the floor of the 
gastric cavity. They are divided into two groups, the Trachymcdusae 
and the Narcomcdusae. The Trachymcdusae have marginal tentacles 
and the gonads are situated on the radial canals, whereas in the Narcome- 
dusac tentacles originate from the ex-umbrella, the manubrium is lacking, 
mouth opens directly into the large stomach and the gonads arc located 
in the floor of the gastric pockets. 

Geryonia (Fig. 108 A), R ho pa lone m a and Liriope represent Trachy- 
medusac in which the planula develops directly into a medusa. 
Gonionrmus furnishes an example of a more complicated life-history. In 
this case the planula attaches and develops into a small solitary polyp 
(Fig. 108D) from which medusae arise, budding from the sides. Gonlotiemus 
has four radial canals with ruffled gonads, one set of hollow tentacles 
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Fig. 107. A, Hydraclinia, growing on a mollusc shell occupied by a Hermit-crab. 
B, Hydraclinia, showing polyp types, from life (redrawn alter Hyman). 1. female 
gonozooid ; 2, gastrozooid ; 3, spiral zooid ; 4, gonozooid ; 5, spine ; 6, male 
gonozooid ; 7, shell ; 8, encrustation of Hydraclinia ; 9, polyps. 

G. pieces of dry MilUpora ; D. the same magnified showing pores ; E, polyps 
of , Millcpora. 1, gastropore ; 2, dactylopore ; 3, gastrozooid ; 4, dactylozooid. 

F, Slylasler —a piece of dry specimen magnified showing zooid pores. 1. 
gastropore ; 2, dactylopore. 

with conspicuous tentacular bulbs. The tentacles bear besides 
nematocysts an adhesive pad behind the tip. It is a bottom living, 
form that clings to sea-weeds with the help of its pads. 
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Fig. 108. The Traclnlina. A. Ceryonia ; B, a tentacle of Conionemus r; C, 
Cunina ; D. pohpoid Mage of Goniontmia. 1, radial canal ; 2, siatocxtts ; 3, blind 
CCntipctal canal ; 4, \clum ; 5, gonad ; 6. pveudotnanubrium ; 7, manubrium ; 8.' 
adhoixe pad ; t>. nematoC)* batteries ; 10, endodcrmal tentacle roots ; 11 
ga>iric pouchc. ; 12, peronia ; 13 ; otoporpac ; 14, bud. 

Cunina (lig. io« C). Solnnmiidla and Aeynopsit represent the Narcomc- 
dusac and arc characterised by firm, mostly flattened glassy bells with 
stiff solid tentacles emerging well above the bell margin from the exitm- 
brella. The life-cycle of Cnwna is quite complicated. The egg develops 
in the maternal tissue with the help of a nurse-cell (phorocyte), which 
is simply an enlarged blastomere, and, according to some, produces a 
reduced medusa that sheds its sex products and degenerates. The 
planulac from this generation take to parasitism. In this ease they attach 
to the Trachymcdusa Geryouia and develop parasiticallv into a flattened 
stolon from which definitive medusae are produced by budding. 

Order 4. Siphonophora. The Hydrozoa which form swimming 
or floating colonies of polymorphic individuals formed by the modifica- 
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Fig. 109. A, Siphonophorc structure. 1, pneumatophore ; 2, nectocalycej ; 3, 
coenosarc ; 4, perisarc; 5, hydrophyllium ; 6, sporosac ; 7, dartylozcoid ; 8, polyp ; 
'9, tentacle ; 10. batury of nematocysts ; B. Halistemma. 1, pneumatophore; 2, 
nectocalvces ; 3, coenosarc ; 4, hydrophyllium ; 5, tentacle ; 6 dactylozooid. 

tion of polypoid and medusoid forms to subserve particular functions. 
They present polymorphism of the highest degree. The individuals 
may be arranged in groups along a long central axis (Fig. 109 A) or 
collected beneath a large float (pneumatophore). The gonophorcs 
seldom develop into complete medusae and are seldom set free. 

The polypoid zooids are modified to form three kinds of individuals, 
gastrozooids, dactylozooids and gonozooids. The gastrozooids 
(siphons) arc the feeding zooids like the Dolyp but without usual tentacles. 
From near the base of each gastrozooid springs a long and contractile 
hollow tentacle that bears lateral contractile branches, the tcntilla, each of 
which terminates in a complicated knob or coil of nematocysts. The 
dactylozooids (feelers or palpons) do not have mouth and their basal 
tentacle is not branched. The gonozooids may be like gastrozooids 
(as in Velella and Porpita ) possessing even a mouth but are without a 
tentacle. In others the gonozooids form branched stalks (probably 
blastostyles) and bear grape-like clusters of gonophores. With such 
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l it-. 110. Pfosalio, >ounp (A) (from PrasaJ and Vaima). and B, mature. 1, 
crested float ; 2. {woiooM, 3, tentacles ; 4. dact>lo«cords ; 5, pono/.ooid. 

gonozooids arc associated some tcntaclc-likc dactylozooids known as 
gonopalpons. 

The medusoid forms become modified into the swimming 
bells, bracts and pcnumatophorcs. The swimming bell (or necto- 
calyx) is a medusoid bell often of various shapes with velum, lour 
radial canals and a ring canal, but without manubrium, mouth, tentacles 
or sense organs. They arc highly muscular hence form good swimming 
organs. The bracts, as they appear, do not look like medusae at an. 
They arc protective in function and arc thick gelatinous leaf-like me¬ 
dusoid forms containing a much reduced gastrovascular cavity, d ne 
pncumatophorc or float is an inverted medusan bell, without mcsogloca. 
The exumbrcllar surface is known as pncumatocodon and the sub- 
umbrellar wall forms the air-sac or pncumatosaccus. Both the extern 
wall and the wall of the air-sac have the usual two-layered structure. 
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Between the two walls is the gastrovascular space, that, in complicated 
floats, is divided by vertical partitions. The ectoderm of the air-sac 
secretes a chitinous layer that lines it internally. At the bottom of the 
air-sac there is an enlarged chamber, the funnel, where the lining 
epithelium becomes glandular forming the gas gland, which secretes 
gas similar to air and fills the air-sac. 


Haiislemma is a siphonophore characterised by an apical float that 
is succeeded by a long stem bearing swimming bells closely pressed to¬ 
gether in two alternating rows (Fig. 109 B). This part of the colony is 
called the ncctosome. Below the bells the remaining portion of the 
stem, called siphonosomc, is long and tubular bearing various types of 
individuals including the gastrozooids, dactylozooids, gonozooids, 
bracts (hydrophyllia) and tentacles, etc. 


PbfSalia , the Portuguese man-of-war, represents the other type 
of the group in which there is a large float devoid of swimming bells 
or bracts. The shortened stem consists only of a budding cocnosarc 
on the ventral surface of the large contractile crested float. From the 
underside ot the float hang down various hinds of specialized zooids such 
as blastostylcs (with attached medusae), dactylozooids, gastrozooids, and 
tangles of long tentacles that may reach a length of sixty feet and are 
armed with specially large stinging capsules that can readily paralyse a 
large fish. The vivid blue floats provide beautiful and familiar sight on 
the surface of the warm seas, but it is not a welcome sight for swimmers, 
who know that the trailing tentacles can inflict serious and sometimes 
fatal injury on man (Fig. no.) 


V.Ulk or‘Little sail* (Fig. ... C, D) is a common siphonophore of 
warm seas. The stem is shortened to a flat cocnosarc, which together 
with the float forms a firm round disc containing many concentric air 
chambers and provided with an erect sail-like process on the upper 
surface. Around the margin is a single row of tentacle-like dactvo- 
zooids. In the centre of the underside is the feeding polyp, or gastro- 
aooid. The gastroaoo.d is surrounded by numerous reproductive 
polyps which bud off free-swimming medusae. 

Porpita is almost similar to VMU but is without sail (Fig. „.AB) 
The colony consists of a disc-bke body enclosing a chambered chithmid 
shell containing air (comparable with the float ofPhysalia). Around the 
margin of the disc are long dactylozooids. The under urhrrkl'. 
with blastostylcs provided with mouths and baring medusae The 
gastrozooid, is in the centre as in Velella. C * 1 hc 

r e,a.°tHyTota^If lo^^h^o^ptetmtio"' 
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J ig. 111. A. P<y/'i/<i seen from bei.caih ; B, Porfiita seen from above. 1. 
qastio/ooid ; 2, l»la>io*i\ let; 3. dacixlo/ooi Is. C. ineJian vertical section of ViUlla ; 
1), 1 elelli, »i<lc view. 1, g.vtfO/Ooi<l ; 2. dact\lo/ooiJ ; 3, -float or "little sail.” 


CLASS SCVPHOZOA 


Definition. The Scyphozoa ( G. sk)f>los, cup-f %oon t animal). ^ * 
The jelly-fishes arc free-swimming hell or saucer-shaped medusae with¬ 
out true velum. No stomodacum is present and the mouth has 
gastric tentacles about it, gastrovascular cavity with pouches, notches 
in hell margin with sense organs (tcntaculocysts having cndodcrmal 
statoliths. Medusae arc dioecious with gonads in gastral cavity, polyp 
generation none or reduced producing medusae directly or by transverse 
fission. 

General characters. The Scyphozoa present strongly developed 
tetramcrous radial symmetry, the body can he divided into four struc¬ 
turally identical quadrants. Hxccptions do occur and they are 
presented by such structures as tentacles that become numerous. The 
hell varies in shape in di.Tcrent orders hut is usually very gelatinous. 

The jelly occur * both on the ex- and suh-umhrcllar surfaces and extends 
into the tentacles and oral arms. Velum is absent hut in the Cubomedusac 
an analogous structure, the velarium is present. It is a subumhrellar 
extension and is also seen in the genus Aurelia. Nematocysts arc borne 
bv b >th the surfaces of the bell either scattered all over or in patches. 

The margins bear both rcntaclcs and scnosry bodies and arc cut by notches 
into several lappets. The sense organs are lodged between two adjacent - 
lappets, when these are present. The mouth is four-cornered and its ^ 
angles are drawn out into four perradial lobes, mostly short, but extender 
into long oral arms in some (Scmacostomeac and Rhizostomeac). In 
the last named the oral arms are branched and their edges arc fused obli¬ 
terating the original mouth and forming thousands of suctorial mouths 
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on their surfaces. Oral arms are well provided with nematocysts 
The manubrium present is not stomodaeal as it is lined by endoderm and 
not ectoderm. Four septa composed of endoderm and mesogloca project 
into the gastrovascular cavity from exumbrclla along the interradii and 
divide it into a central stomach and four pcrradial gastric pockets. 
Such a division of stomach is not found in the hvdromedusae. The 
muscular system is wholly ectodermal and limited to marginal and 
subumbrellar structures. 

The nervous system is like that of the Hydromedusae, only the mar¬ 
ginal nerve ring is absent. The marginal sense organs are represented 
by rhopalioids (in the Stauromcdusae) or rhopalia (in other orders). Each 
rhopalium is located in a sensory pit roofed by a hood-like extension of 
the exumbrella and is essentially a tcntaculocyst. It may be provided 
with statoliths and in some cases with ocelli. 

The sexes arc separate. The sex cells develop in the endodermis 
which forms an epithelium over them. The sex-cells arc released in 
the gastrovascular cavity and escape by the mouth. • The eggs develop 
in the sea water or in folds of the oral arms and form a planula, which, 
in most scyphozoans attaches to substratum, develops tentacles forming 
a polyp-like larva known as the scyphistoma larva, which gives rise to 
the medusoid forms by transverse fission or strobilation. 


TYPE AURELIA AURITA 


Aurelia aurita is a common jelly-fish inhabiting coastal waters. 
It is often seen swimming singly, by rhythmic contractions of the bell, 
or in groups. It is often found cast upon the sca-shorc and is 
recognised by its gelatinous saucer-shaped umbrella 3 or 4 inches in 
diameter, and by four red or purple horse-shoe shaped bodies ( the 
gonads) in its centre (Fig. 112). 

External Characters. In general the structure is similar to that 
of the hydrozoan medusa described above. The ex-umbrellar surface 
is shallowly convex above and the subumbrellar surface is fringed 
with closely-spaced delicate marginal tentacles. The margin is 
indented with eight equally-spaced notches, each with a sense organ 
located between two small marginal lappets. The mouth is four 
cornered and is situated on a short manubrium, i n the centre of 
the subumbrellar surface, between four, long, frilled taperine oral arm* 
(Fig. t.a). The velum (as in OMU medusa) is lacking, i n its X 
there is a narrow flap-like velarium. v 


Histologically the ex- and sub-umbrellar surfaces are covered by 
ectoderm and the stomach and canal-system is lined by endoderm 
ciliated throughout. The mesogloca is gelatinous and forms the 
main mass of the umbrella. It is not structureless but is invaded 
by^amoebo'd cells drawn from endoderm and is traversed by brancUng 
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SUB6EN/TAL P/T 
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\ MOUTH 
MAR6/NAL TENTACLES 


Fig. 112. Aurtlia ventral view, from life, (from Pra%ai and Varina). 


The digestive system consists of the mouth, a short gullet run¬ 
ning through the manubrium and connecting the mouth to thcspacous 
stomach, situated in the centre of the disc and produced into four 
large inter-radiallv situated gastric pouches containing slender 
tentacle-like gastric filaments or phaccllac with ncmatoq'sts. 
Manv radial gastrovascular canals arise from the gastric pouches 
and proceed towards the circumference of the disc opening ultimately 
into a ring canal running in the hell-margin. The inter-radial canals 
arc branched whereas the adradial canals arc not. The food of 
Aurelia mainlv consists of small invertebrates, seized and paralysed 
by nematocysts on the oral arms. Nematocysts of the gastric 
filaments further aid quieting the prey. 

The muscular system is practically wholly ectodermal and 
limited to marginal and subumbrcllar structures. Lying outside the 
mcsogloca on the subumbrcllar surface particularly round the edge 
arc highly developed striated circular muscles. 1 he contraction of 
these muscles is responsible for the swimming movements of the bell. 
'I*he musculature of the oral arms and tentacles consists of smooth 
muscle fibres. 

The nervous svstem consists of a nerve-net like that of the 
I lydromedusae but the marginal nerve ring is lacking in this case 
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Fig. 113. Aurelia, me Man vertical section. 1, entcron ; 2, gastric filament ; 
3, interradial canal ; 4, cctoJcrm ; 5, me^ogloea ; 6, gonad ; 7, mouth ; 8, oral 
arm ; 9, ring-canal ; 10. marginal sense organ. 

(except in the Cubomedusae). The nerve-net is best developed about 
the bell margin associated with the marginal sense organs. There 
are numerous long bipolar cells forming a plexus between the cpithe- 
lum and the muscle fibres on the subumbrella side showing special 
concentrations into radial strands along the radii. 

The marginal sense organs are borne in the nitchcs between 
the marginal lappets and arc sometimes called rhopalia (rhopalioids 
in Stauromcduase) or tcntaculocysts. Each rhopalium consists of a 
hollow club or statocyst, the interior of which is filled with a mass of 
polygonal cells, especially towards its free end. Each of these cells 
contains a statolith. Besides this the rhopalium contains a hood-like 
process overhanging the statocyst, a pigmented eyespot sensitive to 
light and two sensory pits, probably chcmorcceptors having to do 
with food recognition. One of the pits lies on the cxumbrellar side 
of the hood over the sensory niche and the other lies in the floor. 

The Reproductive System. The sexes are separate but the 
individuals of both sex arc similar. The sex-cells originate and ripen 
in the base of the endodermis and occur in the floor of the gastric 
pouches. They form four horse-shoc-shaped structures. The sex-cells 
rupture into the gastrovascular cavity and escape through the mouth. 
The sperms from the males enter into the entcron of a female to 
fertilize the eggs produced in its gonads. 

Development. The zygotes emerge and get lodged in pockets 
formed by the frills of the oral arms, where they develop into the 
ciliated planula stage (Fig. 115). The planula escapes, swims for a 
little while and finally attaches itself to the bottom of the sea. Soon 
it loses cilia and becomes a minute trumpet-shaped polyp the 
typical scyphistoma lan-a with basal sulk, adhesive pedal disc,* and 
expanded oral end with mouth, manubrium and tenuclcs.’ The 
scyphistoma feeds, grows to about 12 mm long and remains unchanged 
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IO 

Fiff. U4. Aurelia. Vertical 
section of the marginal sense organ 
(tentaculocvst). I, endodermal 
lining of the tcntaculoc>st : 2. outer 
sensory pit ; 3, hood : 4. picment 
cup ocellus : 5. statoc si : 6, pig¬ 
ment cup ocellus ; 7, inner sensory 
pit ; 8. tentculocvsi ; 10, ectoderm. 

an adult jelly-fish. After a 


through fall and winter. It may 
produce fresh scyphistomae asexu- 
ally. In autumn and winter a type 
of transverse fission called strobil¬ 
ation sets in. In this process 
horizontal constrictions form around 
the body and deepen with the result 
that the whole structure looks like 
a pile of minute saucers with fluted 
borders, because the edges of 
each are produced into eight double 
lobes. These flat cight-lobed struc¬ 
tures are known as ephyrae (singular 
ephyra). The ephyra (Fig 116) when 
complete is constricted off by a 
muscular contraction and swims 
about as a small medusa. The next 
ephyra then develops as the first, 
and is released after some time. 


The ephyra ultimately develops into 
period of strobilation in the winter 
and spring ' they stop producing ephyrae and resume life as polyps 
feeding and budding off scyphistomae. Strobilation sets in again, 
in the following winter. Thus the scyphistomae live for several 
years. 



Fie 115 Lifc-c>cleof Aurelia. I. 7\fotc ; 2 and 3. cleavage ; 4. Macula. 
5 easmfla ; 6. planula ; -7, planula attaches to the substratum ; 8. sc> r h.stoma , 9 
aid 10 . strobilation ; 11. small medusa. 
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CLASSIFICATION 

The Scyphozoa arc all marine with more than two hundred species. 
They are divided into five orders including the Stauromedusae or 
Lucernariida, Cubomedusae or Carybdeida, Coronatae, Scmacos- 
tomeae and Rhizostomcae. 

Order 1. Stauromedusae. The Scyphozoa having a conical or vase- 



Carybdea (Fig. 118), Tripedalia and Cbiropsalmus form typical' 
examples of the group. Of these the last named is one of the most 
dangerous genera, whose sting can cause very serious illness and' 
even death. For this reason Japanese and Philppine natives feat, 
these very much and call them “fire medusa’*. 


1 7° 
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Fi*j. 117. Ti»e S'auromc li«c. A, Halulytius \ B tentacle cluster of the 
same ; C, Lutmarit. 1. Mulk ; 2. rhopaliokli; 3, gonaJ ; 4, tentacle cluster. 

Order 5. Coronata. The Scyphozoa 
having conical, dome-shaped or flat¬ 
tened scalloped bells, divided by a 
horizontal coronary groove into an 
apical Cone and a marginal crown. 

Mouth is large, quadripartite, nunu- 
brium is wide and gastric-filaments arc 
numerous. Tentaculocysts arc four to 
sixteen. The gonads arc eight in 
number and ad-radial. They inhabit 
deeper waters of the ocean, only some 
forms such as j \‘ansilhot and Linnchi 
are surface forms of warmer waters. 

This group includes a number of 
beautiful medusae. 

Examples: Kansi/boe (big- * *9)* 

L/nwbf, PeripbjHa. 

Order 4. Discomcdusae (Sema- 
costomcae). The Scyphozoa having 
flat saucer-shaped umbrella that are 
the only ones seen in the temperate 
regions. Tentaculocysts arc eight, four 
per-radial and four inter-radial. Tentacles 
arc 3 or 7 in some or many. In the 
htter condition they may be distributed lnan u £f 
along the margin (Aitrr/u) or grouped lium . 4, |M . Ja , ia * 5 , ncrvc ' ring p 
in bunches (Cyattea). 1 he mouth is four 

sided borne on a short or conspicuous manubrium. The angles of 
• he square mouth arc produced into four long oral arm<. A velarium 
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Pig. 119. tfausitho*. entire from the oral siJe. A, pcr-radii. 1, gastric 
filament ; 2, lappets ; 3, tentacle ; 4. circular- muscle* of the subumbrella ; 5, 
tcntaculocyst ; 6, gonad (after Lang). 

is present. The gonads arc coloured horsc-shoc-shapcd patches on 
the floor of the large central part of the gastrovascular cavity. They 
arc found in the coastal waters of all oceans mostly in warm and 
temperate regions. One genus Cyanea reaches even polar regions. 

Aurelia (Fig. 112) is one of the commonest of the scyphozoan 
jelly-fishes and occurs all over the world. It ranges in size between 
5” to 12” across the bell. Exceptional individuals may reach a diame¬ 
ter of two feet. The sexes arc separate and the eggs develop to 
planula in the pockets formed by the frills of the oral arms. The 
planula develops into a typical trumpet-shaped scyphistoma larva 
that by strobilation produces typical medusae. 

Examples: Aurelia , Pelagia, Cyanea and Cbrysaora (hermaphrodite 
genus). 

Order 5. Rhizostomcac. The Scyphozoa in which the original 
four arms divide longitudinally forming eight arms which often 
attain great lengths. The oral arms are variously lobed and folded. 
The young Rhizostoma has a single mouth but in the adult the 
mouth is obliterated by the growth of the oral arms and replaced by 
numerous small “sucking mouths/* which lie along the course of 
the closed-in grooves of the lips. These lips act even as organs of 
external digestion. Small food animals such as the fish arc enclosed 
by the lips, digested and fluid absorbed through the “suctorial mouths,” 
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^ hich arc too small to admit solid particles. The marginal tentacles- 
are absent. They inhabit the shallow waters in the tropical and! 
subtropical zones, chiefly the Indo-Pacific region. Rhinos to ma is 
found in temperate zone also. The members of the group become 
quite large attaining a size upto 80 cm. in diameter. 

Examples : Rhinostoma, Cassioptia , Cepitea , Mastigias and Coty/orbi\a. 

CLASS ANTHOZOA 

Sea anemones, Sea-fans, Sea-pens, stony corals, etc. The Anthozoa 
are solitary or colonial coelcnterates in which only polypoid forms are 
represented. No medusa stage is known in any member of the class. 

Coclcntcron is divided by mesenteries or 
vertical partitions and stomodacum is pre¬ 
sent. Gonads are cndodcrmal in origin 
and position. The class is divided into 
two sub-classes. Alcyonaria or Octoco- 
rallia and Zoantharia or Hcxacorallia. 

Sub class Alcyonaria.. The Anthozoa 
with eight pinnate tentacles and eight 
mesenteries, has the form of a short 
cylinder terminating orally in flat disc. 
The eight tentacles arise from the oral 
disc, are stout at base, tapering towards 
the free end and bear short pointed 
projections, the pinnules (hence pinnate). 
The tentacles are hollow, lodging exten¬ 
sions of the gastrovascular cavity and 
are motile. The oral disc carries the oval 
mouth in its centre, that opens into the 
pharvnx which is lined hv smooth glandular 
epithelium having a ciliated groove, the siphonoglyph on one side 
(generally described as ventral). The gastrovascular cavity has eight 
mesenteries or septa which are more or less evenly-spaced and. 

consist of endodcim and mcsoploca The free edges of the septa are 
thickened forming cord-like septal or mesentcr.al filaments two 
of which are long and flagellated to create water currents and the 
rest six are shott and glandular having a digestive function. The 
Alcyonaria arc exclusively colonial and their polyps are connected 
by endodetn al tubes, the solenia, from which new polyps spring 
out. In mo't ca-es the solenia form a network that is embedded in 
mcsogloea forming a fleshy mass covered by ectoderm. This often 
encloses the basal portion of the polyps, the projecting portions of 
which are termed anthocodia. The common flesh thus formed is 
known as cocncnchymc In the gelatinous mcsogloea of 'he 
coencnchvme arc embedded amoebocytes singly or in groups. The 
colonies are also supported by skeleton which is secreted bv the e lls 
of the mcsocloca. is either calcareous or horny and is lodged in the 
coenenThyme. The mesogloeal cells arc described to be ectodermal 



Iig. 120. 
preserved. I, bell 
arm ; 3, tentacles 


Rhizostotna, 
2. mouth- 



section representing the septal arrangement ; E. cross-section ol the pharynx of 
Alejonium ; F, Gtrstmia, fleshy alcyonaccan ; G, vertical section through th< 
coenenchyme of Alcyonium. 1, stolon ; 2, anthoco'liutn ; 3, anthostele ; 4, stolon ; 5 
contracted polyp ; 6. septum ; 7, pharynx ; 8, «!phonogl> ph in section ; 9, coenen 
chyme ; 10, siphonoglyph ; 11. asulcal seota (in G) and endodermis (in C) ; 12 
inesogloea (in C) and solenial network (in G) ; 13, epidermis ; 14, septum. 


interstitial cells that have wandered in. The gonads develop on 
rhe septa. Some alcyonarians are dimorphic having two types of 
zooids, autozooids, as described above and the smaller siphonozooids 
in which tentacles arc rudimentary or lacking. Recent workers 
have divided the sub-calss into six orders. Some people divide it 
only into three orders including the first four in the Alcyonacca. 

Order i. Stolonifera. The Alcyonaria that lack cocnenchymal 
mass and the polyps arise separately from common stolon or net¬ 
work of stolons. The skeleton consists of separate spicules that 
often fuse to form tubes. The polyps are connected above the base 
by short cross bars or by transverse platforms. Clavularia (Fig. 121 A, B) 
and Tubipora (122A) form good examples of the order. 

Tubipora musica or the organ-pipe coral inhabits warm waters 
on coral reefs. In this case the colony is composed of long parallel 
upright polyps that spring from a common basal plate. The skeleton 
consists of spicules that hise to form tubes. At other levels of the 
polyps transverse stolons are also formed, the spicules of which fuse 
to form platforms. The skeleton that is found in museums consists 
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of a series of parallel tubes of red colour (due to the presence of 
iron salts) connected by transverse platforms. 

Order 2. Telcstacca. The Alcyonaria with colonics of simple 
or branched stems that hear lateral buds and arise from a creeping 
stolon. The main stem is in fact formed by the elongation ot a 
single polyp. 

Examples: Ttlcsto (Fig. 122 B), Coe'ogorgia. 

Order 5. Alcyonacca. The soft coral. The Alcyonaria in which 
the polyps arc embedded in a fleshy mass (cocnenchymc) from which 
the oral ends alone protrude. The polyps arc located only on the 
free (distal) end whereas the proximal part is sterile being devoid 
of polyps. Skeleton is made up of separate calcareous spicules. They 
arc found in warmer regions of the earth mostly in the Indo-Pac.fic 
ocean. 

Alcyonirwi dig,latum, ‘Dead man’s Angers’ is a typical colony 
of the type mentioned above. In life, the polyps project from the 
general surface of the colony and are delicate. T hey withdraw on 
slightest stimulus and the anthocodia arc withdrawn in the cocncn- 
chvmc. Isolated calcareous spicules form the skeletal system. ne 
spicules are present in such a large numbers that they give a solidity 
to the colony and on death the spicules remain behind as a mass ot 
calcium carbonate, or a scries of connected tubes for the individual 
polyps. 
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Fig. 123. Heliopora, showing 
one polvp an*l many solenial 
lubes, (he skcleion is removed 
(after Bounne). 1, expanded 
pol>p ; 2, solenial lubes. 


Order 4. Coenothecalia. The 
Alcyonaria in which the massive 
calcareous skeleton is composed of 
crystalline fibres and perforated by 
numerous closely-set cylindrical cavi¬ 
ties closed below. This group is 
represented by the genus Htlioftora 
(Fig. 123) or the coral of the Indo- 
Pacific region. 

Order 5. Gorgonacca. The 
Horny corals. The Alcyonaria usually 
of plant-like form including the sea- 
fans, sea feathers and sea whips, etc., 
that are found in the tropical and 
subtropical shores. An axial skeleton 
of horn-like material gorgonin is 
present. The polyps are dimorphic in 
some cases, particularly in the red coral, Cor a!Hum. The gorganians 
arc found in all seas in various depths. They are abundant in the 
Indo-Pacific ocean. 

Corallium rubrum (red coral) has an upright (Fig. 124 C) 
branched colony with a rigid axis clothed by the delicate tissue of 
cocnosarc from which the short polyps arise. This is valuable as it is 
used in jewellery and is found at considerable depths in the Mediter¬ 
ranean and the seas of Japan. 

Gorgonia , the sea-fan (Fig. 124), another gorgonian has upright 
branching colonics and forms another common example of the order 
Fig. (124). 

Order 6. Pcnnatulacca. The Alcyonaria in which the fleshy 
colonv is composed of a single elongated axial polyp from which 
spring numerous dimorphic polyps laterally. In the representative 
genus Pennalulii the axial polyp grows to relatively enormous length 
(sometimes 3 to 4 meters), and contains a long horny axis (possibly 
cndodcrmil). The proximal end of the stem, the peduncle or stalk 
is buried in the mid at the sei-bottoms and the distal end, the rachis 
bears zooids springing directly from the coenosarc or from flattened 
lateral branches. As the stem itself is regarded equivalent of a polvp 
all these zooids are called secondary polyps and belong to two types 
of individuals, the normal anthozooids which feed the colony and 
siphonozooids which maintain the circulation of water in the canals of 
'he colony. The anthozooids in Pomatu/a are arranged in rows on 
cither side forming regular lateral branches giving the colonv a 
feather-ike appearance. The siphonozooids arc mainly formed on 
the back of the colony. They are found in warmer coastal waters 
mainly where bottoms arc soft. They are coloured usually yellow 
orange or red. 7 7 * 

Examples: Ptmutnla (sea-pen, Fig. ,25), RtnilU, (see-pansy). 
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Fig. 124. C.orgonacca. A. ^wii, **ca fan ; B, a portion of the same magni¬ 
fied ; C, a piece of a branch ol reJ coral, Cor allium tubrum. 

SUBCLASS ZOANTHARIA OR HEXACORALLIA 

Definition. ThcAnthozoa having few to many simple tentacles 
(never S) onlv sometimes branched. Arrangement of septa is different 
than that of Aicyonaria. Skeleton when present is solid. 

General Character. The polyp consists of a cylinder-like colu¬ 
mn of vamng shapes and appears radially symmetrical from external 
features. The oral end is expended forming a disc, the oral disc 
from the margins of which arises a circlet (sometimes several 
circlets, of tentacle. The tentacles arc sometimes branched. I hey 
inav be solitary or colonial. In solitary forms a pedal disc appears 
abc rally, but where it is intersected into the substratum the aborai 
end mav be pointed. The mouth is oval or slit-like and opens into 
a well-developed pharynx. Siphonoglyphs may be two, one or/, 
absent. Their gastrovascular cavity is divided by septa or mesente¬ 
ries which might he complete or incomplete. The complete septa 
extend from the wall of the column to the pharynx, whereas the incom¬ 
plete ones do not. They arc usually numerous, and arc typically arranged 
in pairs, the longitudinal muscles of hich face each other, except in the 
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•case of two opposite pairs, the directives, in which the muscles arc on 
the opposite sides. Mesenteric filaments are trilobed in section. Both 
solitary forms without skeleton (sea anemones) and colonial forms with 
skeleton (madreporarian corals) are represented. In the corals, a massive 
external calcareous coralium secreted by the ectoderm is present. I he 
polyps, however, may all he referred to the same type of structure. 
They are exclusively marine found everywhere but are more 
•developed in the warmer coastal waters. 

TYPE TEALIA 

The sea anemones are flower-like brilliantly coloured animals found 
mostly fixed to rocks about low water mark. 

'Some sea anemones (Ed ward si a) are inserted in 
the sand. All are able to move by short stages. 

Some reef-anemones (Cradaclis) can crawl about on 
their tentacles. The type Tea/ia eras si cor vis also 
known as (Jrticina crassicornis is commonly known 
as the “Dahlia Wartlcf,*’ and is found half buried 
in sand and gravel. It is green or red in colour. 

Form of the Body. Tea/ia is column-like in 
shape and is broader than high, its diameter being 
about 8 cm. The mouth is a slit-like aperture 
■situated in the middle of the oral disc from the 
. edges of which spring out numerous short conical 
4 tentacles arranged in five circlets. The outer¬ 
most whorl carries about forty tentacles, followed 
inwards by whorls containing twenty, ten, five and 
five in succession. On the aboral side is the basal 
•disc for attachment. The structure is like that of 
a hydroid polyp in this case, apart from the 
largeness of size, an invagination of the oral disc 
-occurs forming a gullet( pharynx) which hangs into 
the general cavity (Fig. 127 C). The gullet is a flat 
tube, along both sides of which is a smooth 
ciliated furrow, the siphonoglyph, in which 
•water passes to the enteron. 

Mesenteries. The internal cavity of the poly¬ 
poid structure is subdivided into radial compart¬ 
ments by six complete septa extending from the 
wall to the gullet (Fig. 129). These complete 
•septa are known as primary mesenteries. Bet¬ 
ween these are incomplete septa—those that do not 
^ /reach the gullet that are known as secondary and 
tertiary mesenteries depending upon their size. 

Each septum has two ostia beneath the oral Fig. 125 . A Pennatula. 
•disc, through which the inter-mesenteric compartments communicate 
xa 
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directly. The free inner margins of the septa are thick and con¬ 
voluted forming mesenteric filaments which con¬ 
tinue below as thread-like acontia (singular acon- 
tium). The mesenteric filaments (Fig. 128 ) and 
acontia both bear gland cells and nematocysts. 
Acontia aid in subduing prey for which purpose 
they protrude through the mouth or through open¬ 
ings in the body wall known as cinclides. 

Body Wall. As in all coelenterates the body 
wall consists of outer ectoderm and inner endoderm 
separated by an extremely thick and tough layer of 
mesogloca composed of cellular tissue. The septa 
Fig. 126. are formed by the reduplications of endoderm, as 
General feature* such consist of endoderm on both the sides sup- 
of an anemone. 1. ported internally by plate of mesogloca. The septa, 
mouth ; i, tenta- however, arc provided with well-developed muscles, 
oral di%c • 3 . co- Some of which run vertically along the septa ana 
luinn ; 4. pcJal arc termed the retractor muscles, others run across 
di>c. the septum and arc called the transverse muscles, 

whereas some pass obliquely across the lower and outer angles 
of the septa and arc described as the parietal muscles. Ihcsc 
muscles arc responsible for the retractile and extensile movements 





Fig. 127. Comparison of the hydroid polyp A, the medusa (inverted) B. and 
the antlio/oan pol>p C. I. ectoderm ; 2. cndoJcrm ; 3. mesoderm ; 4. tentacle j 5, 
mouth ; 6 . cmeron ; 7, h>po>tomc ; 8 . manubrium ; 9. stomodacum. 

of the bodv. The epidermis contains a nerve-net, and similar nerve- 
net occurs in the endoderm, which also extends into the walls of the 
septa, but localized sense organs arc not present. 

Reproduction. The sexes arc separate. The gonads develop 
along the margins of the septa. The sex cells are cndodcrmal. The 
snerms are released in the entcron of the male and escape along stater 
currents by way of mouth. They arc carried to the entcron of the 

female L»V way of mouth and fertilize the eggs in the bod>. I he 

fertilized' egg develops into a planula, which leaves the parent, swims 
for* some t&. attaches to some suitable spot -d finally metamo, 
phoscs into an adult. The metamorphosis is complicated and onto 



^7* rJui'S^S : 'l2" d0 m« n .e?ic 8U fiUm e 9 nt r^^V' 
gonads ; 18 , directive InjLff i*^.£2*2. '■ I iv 

P« s " ,hrou 8h different stages. Some anemones reproduce asexuallv 
by hSSion cither longitudinal (Sa&rtia) or transverse (Cnn^n.A 
(Fig. 130), and others fragment pieces oft the base to form T 
individuals (Eputlh). In the Utter case as the animal slide, l " 
pieces of the body are left behind either due to inju™ or djfto do^ 
co-ordination. These fragments regenerate into tiny°\nemon« P 

Behaviour. The anemones arc always solitarv -i . 

►they are never fixed immovably. Some * elide JjLpiJ \ S ' SC bu £ 
muscular action, some “walk” upside down on the l 7 , 5 *?* °* 

taclcs, some reach the surface film and float head dl f * j ,r tCn ,‘ 
some release their foothold, inflate and roll ah ^°. wn T ards and 
Anemones generally move when disturbed or ‘r' ****?• 

conditions. The anemones move away from bright lighfno^y 
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seeking dim places. Sudden illumination by bright light brings about 
spontaneous contraction. In nature they arc contracted in day and 
expand fully in dim light or darkness. They are capable of a lot 
of contraction. Some can draw even the oral discs within the coe- 
lenteron by the action of their retractors. Those forms that have 



Fig. 129. Crow sections of Metridium, right, through gullet and left, below 
gullet. 1, directives ; 2. secondary septa ; 3, retractor muscles ; 4, pharynx ; 5, 
septal filament ; 6, tertiary septa ; 7, epidermis ; 8, inesogloca ; 9, endodermis. 

poorly developed retractors are incapable of contraction. The ten¬ 
tacles and the oral disc are very sensitive to chemical stimuli. An 
interesting feature of the behaviour of anemones is that almost any 
stimulus, touch, chemicals or contact with food results in the abun-V 
dant secretion of mucous. 

CLASSIFICATION 

The Zoantharia are divided into five orders : Actiniaria, Madre- 
poraria, Zoanthidea, Antipatharia and Ceriantharia. 

Order i. Actiniaria, the Sea-anemones. The Zoantharia which 

usually remain simple and 
form no skeleton, stomo- 
dacum usually with siphono- 
gvphs, septa paired, often in 
multiples of six ; they are es¬ 
sentially solitary forms though 
some may be closely grouped. 
They are generally found 
attached to rocks or buried 
in sand or even on inverte¬ 
brates. 

Edwardsia, is a typical ane¬ 
mone, in which the mesen¬ 
teries present the most pri¬ 
mitive condition. In this case 
there are eight mesenteries 
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from which is derived the “hexactinian’ type of other aremor.es. It 
lives partly buried in sand, enclosed in a tube formed of discharged 
stinging capsules. Minyas is a pelagic Actiniaria in vhich the afcoral 
end is dilated into a sac containing air. This acts as a float and 
enables the animal to swim at the surface of the sea. Another gcr.us 
Adamsia furnishes a good example of corr.irensalifm. 'Jhe irdivi- 
duals of the genus attach themselves to gastropod shells inhabited 



Fig. 131. Adamsia (1) on a snail shell (2) occupied by the Hermit-crab (3) presents 
.a good example of commensal bin. 

by Hermit-crab, which is responsible for the movement of the ane¬ 
mone from place to place. The anemone gets varieties of abundant 
food supply and on the other hand protects the Hermit-crab from 
fishes that do not like to feed on tough and tasteless anemone with 
poisonous stinging capsules. 

Order 2. Madreporaria, the true or stony corals. The Zoan- 
tharia that secrete compact calcareous exoskelcton, and thus contri¬ 
bute to the formation of coral reefs and islands. The individuals 
otherwise are like the Actiniaria, jwithout a siphonoglyph. Mostly 
colonial though solitary forms are also met with. The coral polyp 
is described as a skeleton-forming anemone. It has no pedal disc, it 
occupies the skeletal cup. The oral disc is typical with a circular or 
oval mouth and tentacles in cycles of six. The gullet is short but 
without siphonoglyph. The septa follow the hexamerous plan and 
bear filaments that are often highly convoluted. The loVer part of 
the coelenteron becomes folded because of the skeletal ridges formed 
at the base. 
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Corals. The skeleton of a colony is known as corallu/u and that 
of each polyp is termed eoraHite. How actually the skeleton is formed 
is not understood, the most accepted view suggests that calcareous 
crystals are precipitated in a colloidal matrix that the ectoderm 
secretes towards its outer side. The stony corals particularly the 

reef-building ones require warm 
and shallow waters. They are 
thus limited to continental and 
island shores in tropical and 
subtropical zones. Small solitary 
cup-corals grow in temperate 
coastal waters of many coun¬ 
tries. Coral colonies exist in 
most diverse shapes and forms 
from the slender tree like colo¬ 
nies of Maiirepori to the mas¬ 
sive rounded forms like Pcrites. 
A single planula forms each 
colony. First planula settles 
down and forms a polyp from 
which arise hundicds and 
thousands of polyps by divi¬ 
sion or gemmation. The ske¬ 
leton is secreted later. 
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Fig. 132 Coral formation. Diagram of a 
vertical section through a coral showing lor- 
rnation ol stony cup (after Pfurucheller). 1, 
stony cup being (ormed beneath the polyp ; 
2, column ; stomodaeum. 


t'aiiii* « ---- 

Coral Reef. The coral reefs arc principally built of stony corals but 
there are many other organisms that play a considerable role in their 
formation. Certain branching coralline algae impregnated with lime 
grow upon coral colonies and contribute a good bit to the formation 
of reefs. Foraminifera shells, much calcified alcyonanans, the gorgo- 
nians, Milltpora, TMpora and U'liopora, etc., form ma|or part of such 
reefs. The coral reefs arc mainly of three types Fringing reefs 
crow tn shallow water or border the coast closely (hardly a few feet) 
or are separated from them at the most by a narrow stretch of water 
(about > mile) that can be waded across when the tide is out. 
Barrier reef is just like a fringing reef but the channel separating 
it from land is deep enough to accommodate large ships. This may 
be so to i ooo feet deep and ./a to 10 miles or more in width. 
The Great Barrier Reef of Australia, which is over 1200 miles long 
and in some cases ,0 miles from the shore is of this type. Captain 
Cook sailed within this reef for 600 miles without even suspecting 

its presence, until the channel narrowed and he was wrecked on the 

reef An atoll is a more or less circular or horsc-shoe-shaped reel 
not enclosing any island but a central lagoon which varies from less 
than a mile to 40 or (o miles across. Thousands of such atolls are 
found in the South Pacific. It must be borne in mind that the reels are 
not continuous walls, but they are broken up into many reels and 
islands by passages. 
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Fig. 133. Living colony of A sir at a pallida (after Dana, from Parker and Haswcll). 

There are various views regard¬ 
ing reef formation. Of there only the 
following appears more acceptable. 

Darwin believed that the reefs begin 
as fringing reefs 01 a sloping sho e. 

Then the island subsides very slowly, 
so slowly that the reef grows up¬ 
ward at about the same rate, natu 
rally the island becomes srnal 1 , the 
channel between the reef and land 
widens and thus the fringing reef 
transforms into a barrier reef. 

Further subsidence of the land till 
it sinks completely out of site results 
in the formation of an atoll. This 
is substantiated by the fact that all 
the known coral reefs were in re¬ 
gions where a sinking of the land 
was known to have taken place or 
where there were evidences that it 
had probably occurred. 

There are about 2300 living species 
of corals. The extinct species arc about 
sooo, far outnumbering the living 
ones. These animals, thus, reached 
their peak in the past and are now 

on the decline. The important genera include Dendropbyhia , Mndrtpora 
A<traea, Fungia, A>trangia t Mtandra % XiophMa , Montifxn, etc.,ctr.. 

Order 3. Zoanthidea. The Zoantharia devoid of skeleton 
and pedal disc, which are united by basal stolons (as in the Alcvonaria) 
Some solitary forms are stalked. The arrangement of septa differs from 
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Fig. 134. Coral reef formation. 
A. a fringing coral reef growing 
around an oceanic islet ; B, a small 
Harrier reef widely separated from 
the island ; C, f* rmation of an ate 11 
enclosing a central lagoon. 
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Fig. 135. Various t> pc> of ral. 

**» 

conM | ° . £ incomplete, siphonoglvph is onlv one on the- 

dorsal directives ,h c sexes arc separate hut some genera 

ventral side. abundant in warm waters though- 

T ""Tund n'deercr ' va.crsranginc fr. m -he tropics to quite cold 
,h-v e f«r£* n f,, rm s have their lower ends thrust into- 

latitudes. S * cncra ha bituallv grow on other animals such as 

corals, gorgonians, etc Examples of this type 
include Epizoantbu', Para?oantb*s\ Zoanlbuf , etc. 

Order 4 Antipatharia. the black or thorny coral. The Zoan- 
thari? that form slender branching plant-like colonies, which 
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eorgonians consist of a skeletal axis covered by a thin coenenchymc 
bearing polyps. The colony at its lower end consists of a flat basal plate 
attached to some firm object or simply inserted into the substratum. The 
polyps are scattered all over the surface, may be close to each other 



Fig. 136. The Zoanthidea. Zoanthui soeio/us Left, part of a colony . right, cross- 
section ol a polyp. I, polyp ; 2, ventral directive mesentery ; 3, siphonogbph .4, 
dorsal directive mesentery. - 

or distant or only restricted to one surface. 1 he polyps are 
short and project a little above the general cocnenchvme. Tentacles 
are six nonretractile borne in a circlet (eight retractile pinnate tentacles, 
in Dendrobra(hia) . The skeletal axis is brown or black bearing thorns. 
Gullet is provided with two siphonoglyphs, septa arc single and com¬ 
plete usually 10, but varv in different species ranging from 6 to 1 2, they 
arc arranged in couples.' The sexes of the polyps arc separate but 
the colonies may be hermaphrodite. Typically they inhabit deeper 
waters and abound in tropical and subtro¬ 
pical regions. 

Examples : Antipalhes , B atbypalhes y 

Dettdmbracbia . 

Order 5. Ceriantharia. The Zoantharia 
which are anemone-like in form with 
slender elongate body buried into sand upto 
the oral disc. Tentacles are simple slender 
arranged in two rows, an outer marginal 
row and an inner labial row. The 
pharynx is laterally flattened and bears 
one siphonoglyph. The round aboral end 
is provided with a pore. They are solitary 
forms and live in slime-lined vertical tubes 
in the bottom of the sea. Cer font bus , a 
representative of the order, is remarkable 
inasmuch as it resumes an upright position 
when displaced from it. It becomes restless 
if its body is not in contact with some 
object. In direct sunlight it withdraws 
into its tube. It has great power of rege¬ 
neration. 



Fjg. 137. A piece of 
Aniipathts cleared and mag¬ 
nified showing thorny axis, 
and two contracted polyps. 
1, contracted polyp; 2 ,. 
thorny axis. 
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Other genera include Arachnantbus , Arachnactis , Anactinia , Pachy- 
i(rinnilu< t etc. 

REVIEW QUESTIONS 

1. Give an account of the structure of Hydra and compare it with that of 
Obtlia (Alld/45). 

2. Give good reasons why a green hydra cannot be regarded as a plant Des¬ 
cribe the histological elements found in the animal (AUd. ’49). 

3. Describe in details the life-history of Obtlia (Agra* 46; Alld 48). 

4. What are homologous structures ? Show by means of neat diagrams that a 
polyp of Obtlia is homologous with its medusa, (Agra'48, 52; Alld. 51,53). 

5. Give an account ol various types of zooids found in Obtlia colony, (Agra 
45/47). 

6. What do sou mean by the term "alternation of generations" or metagenesis .' 
Illustrate with reference to Obtlia and expiain its significance. cAgra’ 49/ 54; Alld.' 
50 ’58). 

7. Compare the inode of reproduction and life-history of Hydra and those of 
Obtlia (Alld. '52) 
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CLASS CTENOPHORA 


Definition. The Ctenophora (Gr. K/<nos, comb-}- pboro.\ bearing) 
are fre,e-swimming marine animals with transparent gelatinous bodies 
showing biradial symmetry. They bear comb-like ciliary plates (hence 
called “comb jellies”) as characteristic locomotor structures. Ncmatocysts 
are absent but special “lasso cells'* are present. 


General Characters. The Ctenophora present a biradial 
•(radial -f bilateral) symmetry and thus constitute the last group of 
•the radiate phyla. Like coe'entcrates they have radial symmetry, 
with parts arranged on an oral-aboral axis. There is no internal* 
space except the gastrovascular system which is branched. Mcsogloea 
; is gelatino is and definite organ-systems are lacking. The ctenophorcs, 
on the other hand, differ from other cce'cr.terates in the postession of 
comb-plates, mesenchymal or mesodermal muscles, an aboral sensory 
region and in the absence of ncmatocysts. 

The ctenophorcs are transparent gelatinous animals which float 
in the surface waters of the sea, mostly near shores. They are 
carried about by currents, being feeble swimmers. Commonly they 
arc known as “sea-gooseberries’* or "sea-walnuts”. They have eight 
equally spaced meridional rows of ciliary combs which enable them 
to swim. Each row consists of a succession of little plates formed 
of cilia fused together at their attached ends like the teeth of a comb 
The rows are radially arranged on the globular body. From opposite 
sides ot the broader end arise two branched muscular tentacles which 
have no stinging capsules, but are covered with special adhesive cells 
which stick to and entangle the prey. The mouth is situated in the 
centre of the lower pole and leads into a branched gastrovascular 
<svity which extends through the jelly and eventually gives off eight 
branches, one below each row of combs. All ctenophores arc 
hermaphroditic. Both ovaries and testes occur on the walls of each 
gastrovascular branch that runs below the rows of combs The 
eggs and the sperms are shed through the mouth. The free- 
swimming larva is not of planula type but one described as cydippid 
larva because of its resemblance to one of the primitive genera of 
ctenophores. & 


Phylum Ctenophora 
Class Ctenophora 
Subralss I Tentaculara 
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Order i. Cydippida 
Order 2 . Lobata 
Order 3 . Cestida 
Order 4 . Platyctenea 
Subcalss II Nuda 

Order 1 . Beroida 



Fie 138 Cienophora. A. Pleura* achia, entire ; B ciliated plates ; C. Pleura- 
Fig. im .'utenop fr0 »ssection of a tcoucle ; E. >en»e organ I, sense organ; 

brachia seen from abo\e ,V. m outh ; 6. stomach ; 7. opening ol the 

2. tentacle; 3. cilim' wtnbs i ££“0™ filament , In. I»®> cell; 11. dome ; 

TYPE PLEUROBRACHIA 

Form Of the Body. The body of PUurcbrachio (Fig. 158 ) is more 
or less spherical in form, highly transparent, and about j / 4 inch in 
diameter The mouth is situated in the centre of the letter or oral 
d 1 £ and the aboial pole is marked by the presence of a sense organ. 
The oraUboral axis forms the main axis of the body. The comb plates 

Ire eicht equally spaced meridional rows, each of which consist.ofa 
Oioht ddec bearing a succession of small transverse combs formed of 
fused ciba. While effecting locomotion the combs are rapid > 
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lifted in the direction of the aboral pole and then lowered slowly to their 
normal position. Those in each row beat after one another starting 
from the aboral to the oral end. All the eight rows beat in unison and 
the animal is propelled through water with the oral end in front. The 
rapid movements of the combs refract light and produce a constant play 
of changing colours. The ctenophores are known for the beauty of their 
<lay time iridescence. The aboral end bears two long branched 
tentacles, one on each side, which can be withdrawn into a blind pouch. 
The tentacles are solid (Fig. 158 D) containing muscle fibres and devoid 
of nematocysts. On its surface, however, are special adhesive cells 
known as “lasso” or glue cell* (colloblasts) that seciete a sticky substance 
to entangle small animals, which are then conveyed to the mouth. The 
tentacles are of no help in locomotion. They may be contracted or mav 
be trailed out to about six inches. The position of the tentacles and 
some features of the digestive tract exhibit bilateral symmetry. 

Digestive System. The mouth (Fig. 158A) opens into a gullet 
or pharynx (stomodaeal) which opens into the stomach. From the 
stomach arise eight branches, extending one below each row of 
combs. The system is gastrovascular, that is, it serves for digestion 
and the distribution of food. From the aboral side of the stomach an 
infundibular canal runs to the underside of the statocyst where it 
gives off four branches, the so-called excretory canals which run up 
to the aboral surface terminating in little sacs. Of these two are 
blind and two, the diagonally opposite ones, open to the exterior on 
opposite side of the sense organ by two pores, the anal pores (formerly 
known as “excretory pores”). They feed an small shrimps, fishes 
<ind larvae of small animals. While catching the prey the tentacles 
are extended fully and their curving and sweeping in water covers 
wider area. Digestion begins in the pharynx and is extracellular. 
Undigested food passes out through the mouth and the anal pores. 

Body Wall. Ectoderm forms the outer epithelium of the mouth, 
pharynx and tentacles, etc. Endodcrm lines the gastrovascular cavity 
and is ciliated. Mesogloea is gelatinous and contains scattered muscle 
fibres, connective tissue cells and amoebocytes. 


Nervous system. At the aboral end a definite area of sensory 
ceUs and nerve cells is present. In the centre of the area is a covered 
pit, the statocyst, containing calcareous particles, the statolith, that is 

cells P0 The°^° Ur ^ ** baIancer6 > connected with sense 

Rebalancing organ. Any turning of the body 

tnTlhl 2f P ? ° n ° f ?*? i^° hth which Emulates the sensory cells, 

i r S r r ? CdbynCrvC cellst0 thc swimming combs 
causing them to beat faster on one side, thus setting the animal right* 

fato m e“ net T° et ex,e 5 ds a “ 0ver ,he bod y *" d > s concentrated 
into eight nerve cords one under each row of comb This svstrm 

reflates and co-ordinates the activity of the c'mb-pTates. K 

polar area is removed the combs become disorganised, and if any row 
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p- ivi Pla.vficnca A. Cotloblano mrnsili (after Krempl). 1 staiocyst ; 2, 

rf,.? 3 s c i i 

(after Dawydofl) ‘ c s . e , * , r' ’ Kotnai)—the body is flattened so that the mouth 

is cut across, the swimming combs below the cut get ou, of step with 
those above. , , 

Reproductive system. Both the eggs and sperms ^ Produced 

sirsss- rSii 

,he group belonging to the order Cydippida, it ,s often referred to 
cydippid larva. 
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Affinities. The ctenophores resemble the coelenterates in many 
characters such as (/) radial symmetry, (//) arrangement of parts along 
oral-aboral axis, (iff) absence of coelom, (if) gelatinous mcsogloea, 
(v) branching gastrovascular canals, and (vi) general lack of organ- 
systems. But it is not possible to derive the ctenophores from any of 
the coelenterates. The ctenophores also possess some scynhozoan- 
anthozoan characteristics: (i) the stomodaeum, (ff) the cellular meso- 
gloea, (///') the four-lobed condition of the gastrovascular cavity of the 
larva, and (if) general tetramerous symmetry. The ctenophores have 
been directly linked with Hydrozoa by way of trachyline medusae (such 
as Hydrocttna) having an aboral statocyst and two opposite tentacles, 
in sheaths. The ctenophores, however, differ widely from the existing 
coelenterates in possessing (/) eight rows of comb-plates; (/'/) mcscncymal 
or mesodermal muscles; (iff) higher organization of the digestive system; 
(if) an aboral sensory region, and (f) no nematocysts. It seems that the 
ctenophores must have diverged very early from the trachyline stem 
form about the time it gave off the coelcntcrate stocks : trachylinc- 
hydrozoan, scyphozoan and antho2oan lines. 

Some authors consider that the ctenophores lead directly to certain 
ing lower Bilateria (the polyclad fhtworms). The flattened Platyctcnea- 
which superficially suggest a polyclad have been considered the missing 
links between the coelenterates and the flatworms. This view is not- 
considered to be correct now. Among the flatworms the Acoela are- 
the most primitive and not the Polyclad hence the statement ctenophores- 
Platyctcnca—polyclads has become untenable. It is certain ihat the 
ctenophores present certain advanced structural features that appear 
to look forward to the Bilateria. These features include (i) the 
prominence of an apical nervous region; (if) the mode of origin of 
musculature, (iff) the presence of gonoducts (sexual ducts), and (if) the- 
determinate type of cleavage. 

In short, the ctenophores are regarded as a blind early off-shoot 
from the trachyline stem form that attained a considerable grade of 
differentiation without leading to any higher forms. They , however,. 
appear to indicate the lines along which structural complication will' 
proceed in the next grade (organ-system grade of construction) without 
themselves being directly in the line of anccslrv of this grade. The stock 
which gave rise to ctenophores went on differentiating along the same 
path but in another direction (that of bilatcrality) and gave rise to higher- 
forms. 


CLASSIFICATION 

The Ctcnophora are divided into two subclasses: (1) Tentaculata 
with tentacles, and (2) Nuda, without tentacles. Of these Tentaculata 
is divided into four orders and Nuda has only one. The whole group, 
comprises about '80 species only. 

Subclass Tentaculata. The Ctenophora with tentacles. 
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Order 1. Cydippida. The Tentaculata with simple rounded or 
oval form, the gastrovascular branches of which end blindly. Tentacles 
are two, branched and can be withdrawn in sheaths. 

Examples : Pltterobracbia (Fig. 138 A)., Hormiphora. 

Order 2. Lobata. The Tentaculata in which the body is laterally 
compressed and there are two large oral lobes. The tentacles are 
without sheaths. The oral ends of gastrovascular canal are anastomosed. 


Examples: Bolir.opsis , Leucotheca (= Eucharis). 


Order 3. Ccstida. The 


Tentaculata in which the body is 
elongated and compressed in the 
sagittal plane imparting a ribbon- 
like appearance to it. This order has 
only two genera Cestus {Cesium) and 
Velawen. 

Cestus is a transparent ribbon, 
some five feet long, and is found 
coiling and uncoiling as it curves 
its way through water. The long 
edges of the ribbon arc fringed 
with tentacles. The bases of the 
principal tentacles are enclosed in 
sheaths. Anastomoses of the meri¬ 
dional and stomodaeal vessels takes 
place. Cestus lives in warm seas 
but is sometimes carried north. Sun¬ 
light playing on it reflects a thou¬ 
sand wonderful tints of silver and 
azure, pink and amethyst. Because 
of its elongated band-like shape 
and because of the beautiful colours 
that it reflects Cestus has been 
rightly called “Girdle of Venus.” 

Order 4. Platyctenea. The Tentaculata in which the body is 
compressed along the oral-aboral axis forming flattened creeping 
forms. The two tentacles are with sheaths. Comb-plates may be 
present in larvae only. 



Fig. 140. Ce/lus (Cesium) veneris. 
1, pharyngeal canal ;-2. subienucu- 
•ar meridional canal ; 3, icntaclei ; 
4. subsagittal comb row*, stomach, 
pharynx and mouth, etc., are in the 
central region. 


Examples: Coe/oplana t Clenoplatia (Fig. 139 C). 

Subclass Nuda. The Ctenophora without tentacles. 


Order 1. Bcroida. The Nuda are of conical forms with a very 
wide mouth and pharynx. The meridional vessels arc produced into 
a complex system of anastomosing branches. The principal genus 
Beroe is found in all seas and is of rose-pink colour, often becoming 
8 inches tall. It is found in colder waters. 

Example : Beroe (Fig. 139 B). 


PHYLUM 

PLATYHELMINTHES 


7 


The Bilateria. The reimining phyla of the animal kingdom arc 
chiracterized by the presence of a regular three-layered condition, which 
appears quite early in development, hence known as the Triploblastica. 
A third layer of cells, the mesoderm, appears between the ectoderm 
and endodcrm and opens up further possibilities of increase in size and 
complexity. Though a third layer is indicated in some coclcnterates and 
also in the Ctenophora, but a third layer with a definite fate is found 
only in the Triploblastica. In these animals the three layers of cells, 
the germ layers, arc present only in the embryo, for, as development 
proceeds the cells actively divide, become specialized and grouped 
together to form tissues which ultimately form organs. These animals, 
thus, arc anatomically of the organ grade of construction as com¬ 
pared to the tissue grade of construction presented in the coelenter- 
ates. 



Fig. 141. Triploblastic condition. Diagrammatic cross section of a planaria 
to show three-layered body plan. 1, ectoderm ; 2, mesoderm ; 3, endodcrm; 4, enteric 
cavity ; D, dorsal surface ; k V, ventral surface. 

It has been seen that the coelcnterates were radially symmetrical 
animals but the Triploblastica arc characterized by bilateral symmetry, 
which appears quite early in development except in one group 
(Bchinodermata), where the bilateral condition of the larva changes into 
a secondary radial condition. The essential feature of bilateral 
symmetry is that a section along one plane, and only one plane, the 
median sagittal plane, divides the body into right and left halves 
which are exactly like each other. The body of these animals has 
anterior and posterior ends and its surfaces can be distinguished into 
dorsal and ventral surfaces. The median sagittal plane runs from the 
middle of the dorsal surface to the middle of the ventral surface, the 
miin axis of the body in the median sagittal plane forming the antero¬ 
posterior axis. Since radial animals tend to lead a sessile or sedentary 
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life, the assumption of bilateral symmetry appears to have been an 
important step forward. In contrast to the Radiata, the phyla in which 
bilateral symmetry occurs are known as the Bilateria. 

The Bilateria exist in three grades of structure: (i) those without 
body space other than the digestive cavity, the Acoclomaie phyla, 
represented by the Platyhelminthcs and Rhynchocoela; (2) those with 
a persistent pseudocoel (blastocoel) between digestive tube and body 
wall, the Pseudocoelomate phyla, represented by Acanthocephala, 
Nemathelminthes (Nematoda, Rotifera, etc) and Entoprocta; and 
the Coelomate phyla having a true coelom formed by the splitting of 
the mesoderm, represented by the rest of the invertebrate phyla. 

I he Platyhelminthcs arc acoelomate Bilateria without a definitive 
anus. 'I he anterior end of the body is differentiated into a head region 
and the body is flattened dorso-ventrally. In general appearance they are 
worm-like varying from long flattened ribbon-like tape-worms to broad 
leaf-like forms of some polyclads. Most of the flatworms are of moderate 
size but some tapeworms are as long as 10 to 15 metres while others 
arc small microscopic forms only. The forms arc generally colour¬ 
less or white or owe their colour to ingested material. Some free-living 
forms arc brown, grey or black, whereas among the polyclads and 
planarians bright coloured individuals arc also met with. In the free- 
living forms the ventral surface is well marked and bears the openings 
of the mouth anil genital pores, etc. This is the surface on which 
locomotion also occurs. 

The phylum Platyhelminthcs includes three classes: (/) Turbcl- 
laria, (//) Trcmatoda and (Hi) Ccstoda 

Class I Turbcllaria 

Order 1. Acocla 
Order 2. Rhabdococla 
Order 3. Alloeocoela 
Order 4. Tricladida 
Order j. Polycladida 

Class II Trcmatoda 

Order 1. Monogenea (Hctcrocotylca ) 

Order 2. Aspidobothria 

Order 3. Digcnca (Malacocotylea) 

Class III Ccstoda 

Subclass I Ccstodaria (Monozoa) 

Order 1. Amphilinidca 
Order 2. Gyrocotylidca 
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Subclass II Eucestoda (Merozoa) 

Order 1. Tetraphyllidea or Phyllobothrioidea 
Order 2. Lecanicephaloidea 
Order 3. Proteocephaloidca 
Order 4. Diphyllidea 

Order 5. Tetrarhynchoidca or Trypanorhyncha 
Order 6 . Pseudophyllidea or Dibothriocephaloidca 
Order 7. Cyclophyllidca or Tacnioidea. 

CLASS TURBELLARIA 


Definition. The Turbellaria are mostly frec-jiyjng unscgmcnted 
flatworms, that arc clothed with a cellular epidermis, which is usually 
ciliated, sometimes only in parts. They have simple life-cycles. Some 
parasitic or commensal forms are also met with. 

General Characters. The Turbellaria arc mostly small animals 
under 5 mm. in length. Some forms are of microscopic dimensions, 
whereas some land planarians may reach a lenth of 50 cm. Mostly they 
arc of vermiform shape, but the larger forms arc long and slender 
( Bipa/ium ) or leaf-like ( Temmttpbah] ). The body is dorso-vcntrally 
flattened, with flat ventral surface and convex dorsal (Fig. 14*)- The 
body contour is simple, mostly wider in the middle and tapering at 
4 both ends sometimes one end is broad, the other is tapering. Some 
% forms have tentacles. In some forms the dorsal surface is covered 
with tubercles or papillae in which sometimes extend intestinal branches 
( Thjsanoqpon ). Some Turbellaria have adhesive organs. Some fresh¬ 
water planarians bear delicate lateral projections, the auricles, on their 
heads. The head also bears eyes, ciliated pits and sensory hairs, etc. 
They arc translucent or white and otherwise of sober colouration. Some 
larger members such as the land planarians and the polyclads have 
brilliant colours and striped patterns. The colouration is caused by 
pigment granules situated in the epidermis or the mesenchyme or in 
both. 


TYPE PLANARIA 


Form of Body. The body is small, a few millimetres in length, 
flattened with more or less oval outline. The anterior broader end 
is marked out into a distinct head. The posterior end is relatively 
pointed. They arc bilaterally symmetrical animals and move with 
the anterior end normally in front and with the dorsal surface always 
uppermost. On the dorsal surface of the head region, just close to 
• the anterior extremity, there are two rounded black spots, the eyes. 
The mouth is situated a little behind the middle of the body. It is oval 
or rounded, through it the tip of the pharynx is everted. The position 
of the mouth , though always ventral, is variable in different species, 
posterior to the mouth opening is situated a small median opening, the 
genital aperture. 
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Movement. The movements of planarians are very interesting. 
They foreshadow the type of progression found in more complex 
worms. They glide along the substratum or the surface film with, 
the help of vibratilc cilia of the epidermis. When disturbed the animal 
hurries away by marked muscular waves. The waves start at the anter- 



Fig. 142. The Turbcllaria. A, Planaria 
side view ; B. a% >ecn from fcelow. (A. after 
Shiples and NlacBride). 1, e>e ; 2. mouth ; 
3. genital pore ; 4. evened pharynx ; 5, 
opening of the pharynx- 



iorend and pass towards the posterior end thus setting up a regular 
series of ripples in the body wall that drive the body along. This 
type of movement is characteristic of the planarians and the muscular * 
movement is particularly pronounced in larger free-living flatworms. 
The planarians trace out a wriggly path because the head is continually 
bending from side to side. 

Body wall. The body wall (Fig. 144) of Turbellaria is 
clothed with one-lavered ciliated epidermis consisting of cuboidal 
cells resting on an clastic basement membrane. The cells are quite 
large and contain a large rounded nucleus towards the inner side. 
The cytoplasm of the cells contains rod-shaped hyaline bodies, the 
rhabdites, of uncertain purpose. The epidermis has many deep-lying 
unicellular gland cells. They are located in the mesenchyme and are 
apparently insunk epidermal cells. These cells have a club-shaped body 
with a long neck which also serves as a duct for the discharge of the 
secretion. The cells are packed with granules. The musculature, 
forms a layer just beneath the basement membrane and is thus 
referred to as subcpidermal musculature, which in its simplest 
form consists of two layers, outer layer of circular fibres and an inner 
layer of longitudinal fibres. The interior of the body is packed with 
simple connective tissue or parenchyma. In some it consists of con¬ 
tiguous rounded cells. But in the planarian, as in most cases, it con¬ 
sists of a loose meshwork of cells lacking definite cell walls (syncytium), 
in which are also found some free wandering cells, the formative 
cells, which produce new parts during regeneration. Naturally, there¬ 
fore, this layer cannot be regarded as a simple packing tissue as its 
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Fig. 143. Body plan of a Planarian (from Prasad and Verma). 

component cells perform different functions and help in the assimila¬ 
tion and transport of food, and in the disposal of excretory material. 

Digestive System. The mouth, situated near the middle 
of the ventral surface, opens into a cavity that contains a tubular mus¬ 
cular organ, the pharynx. The pharynxs is attached only at its anterior 
end and consists of complex musculature and gland cells. Normally the 
pharynx is folded inside but is capable of eversion during feeding. The 
pharynx then becomes longer and is thrust out as a proboscis through 
the mouth for some distance. The pharynx opens into the intestine 
which, in the present case, consists of three main branches, one runs to 
the anterior end of the body and two are posterior and pass backwards 
one on either side of the pharynx. All these branches have numerous 
fairly regularly spaced side branches or caeca. The branches as well as 
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the caeca are all blind. There is no 
anal aperture. The epithelium of the 
digestive tract consists of cndoderm. 

The food of a planarian consists 
of small living animals. They also feed 
on dead bodies of larger animals. Their 
sense to detect the food is well deve¬ 
loped. They detect the presence of 
food from a distance, move towards 
it, mount upon it and press it against 
the bottom by means of their muscular 
bodies simultaneous with this action a 
slimy secretion is released from the 
body of the worm. This entangles the prey fully, while the pharynx 
is everted and brought in contact with the prey. The suctorial move¬ 
ments of the pharynx, brought about by the action of its muscles, 
break the food into minute bits that are swallowed, and ingested 
by the endodcrmal cells in amoeboid fashion and formed into food 
vacuoles. The digested food is passed by diffusion to all parts of the 
body. The food vacuole formed take considerably long time to com¬ 
plete the digestion of food ingested. In an experiment the ingested 
liver was taken into the endodcrmal cells in eight hours and its 
digestion was completed in three to five days. Most of the food was 
converted into fat and stored in the epithelium of the digestive tract. 
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Fig. 144. Transverse section 
of ihe body wall of a lurbellarian. 


Excretory System. The excretory organs consist of two, right 
and left, main, considerably coiled, pairs of longitudinal trunks open¬ 
ing dorsallv through several pairs of minute pores. Each main trunk 
gives rise to minute branches ending in special large hollow cells 
called the flame-cell. Each flame-cell is a single large nucleated 
cell. The cytoplasm of the cell is drawn out into a number of special 
prolongations. Internally the cytoplasm is hollowed out to form a cen¬ 
tral cavity continuous with that of the fine tubule. A bunch of flagella 
hangs down into the cavity of the cells and performs regular undulating 
movements. These movements bear a resemblance with the flickering 
flame of a candle, hence the name flame-cell. Bundles of ' ibratilc cilia 
are found in the branches of the main tubule. Similar bundles of 
cilia known as lateral flames are also found in the main tubules. These 
help in keeping the fluid in circulation. In a number of turbcllana large 
cells with conspicuous nuclei and vacuolated cytoplasm are found in 
dose contact with the tubes. These are called the athrocytes or 
paranephrocytes. and it is probable that these collect excretory 
matter from the parenchyma and discharge into the lumen of the 
flame-cell. Since metabolic wastes seem to be excreted to the ott. ide 
largely bv wav of the endodcrmal epithelium and mouth, the 
flame-cell system appears to function primarily for the regulation o 
water contents (osmo-rcgulation). They are, thus, also called the 
water vessels. 
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Gaseous Interchange. The ga- 
'seous interchange is carried out over J 

the whole surface which is relatively / / 

increased by the flattening of the C l 

body. Free-living flatworms are fairly /o° f j 

active animals and require continuous j \ / 1 

supplies of oxygen which is ensured / 1 | * 

by quicker diffusion through increas- / 
cd surface of the body. / ftY 

Reproductive System. The » 

reproductive organs are more com- yi \i ^ 

plicated in the flatworms. The ovaries \J 1 

and testes are derived from the meso- (. I 

•derm and there is a system of tubules J* II 

and chambers in which fertilization II I 

occurs. For the transfer of sperms ” || f ft 

also some compilations have taken J 

place. The animals are hermaphro- 'Wl&P 

ditic having both male and female sex 1 < 4 t\ { & 

organs in every individual, but self- 1 Jl\ / 

fertilization is avoided. Exchanga 
•of sperms takes place so that cross- 

fertilization is effected. After the \<m\KA 

reproductive season the generative * 

•organs degenerate and arc regene- l 

rated afresh **at the beginning of V®\ \ 

next sexuaL period. I 

Male. The male generative 

organs consist of testes of which Fig. 145 . The digestive orgons of 
there are many along the sides of the f pUnariaiu 1, eye; 2. caecae or side- 

body (Fig. 147 ). From test arise \S 2 S£%XSS!A 21 
delicate tubes, vasa effercntia, which 5 . pharynx ; 6. opening of the phar- 
unite to form a prominent vas ynx. 

•deference on each side. The vasa deferentia from two sides unite 
and form a common tube which is often distended to form a seminal 
vesicle and opens into a protrusible copulatory organ, the penis, 
with the help of which the sperms are transferred to another planaria. 
The penis projects into a chamber, the genital chamber, which 
opens to the outside by the genital pore, situated behind the mouth 
on the ventral surface. 

Female. The female generative organs consist of a pair of ovaries 
•situated close behind the eyes. Each ovary is connected to a long 
oviduct running along the edge of the body parallel to the nerve cord. 
Into each oviduct open several yolk or vitelline glands consisting of 
■clusters of yolk cells. The two oviducts unite to form a median vagina 
which opens into, the genital atrium. To the vagina is attached a 
long stalked sac known as the seminal receptacle or copulatory sac 
<Fig. 147 ). • 




Fig. 145 . The digestive orgons of 
a planarian. 1, eye; 2, caecae or side- 
branches of the intestine ; 3 gastro- 
vascular cavity in section ; 4 . mouth 
5 . pharynx ; 6, opening of the phar- 
ynx. 
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Fig. 147. Reproductive organs 
of Planaria. I, ovarv ; 2, oviduct ; 

1 ig. 146. Organs of excretion of a plana- 3 , yo |k gland ; 4. copulatory sac ; 
rian A, entire excretory system; II, one flame- 5, lcsl is ; 6 . sperm duct ; 7, penis ; 
cell enlarged: C. atlirocyte surroundirg an 8 . geniral chamber; 9. genital pore, 
exemory canal. 1 . flan e cell ; 2 , excretoiy 
pore : 3. excretory canal : 4. cilia ; 5. nucleus; 

6 , atlirocyte ; 7, protonephridial canal. 

Copulation and Fertilization. During copulation two veins 
bring their posterior ventral surfaces together and the penis of each is 
inserted into the genital atriim of the ether and the spams arc deposited 
in the seminal receptacles of its partner. Copulation thus is mutual 
(Fig. 150.). The worms separate after the completion rf the deposit of 
sperms which soon move up the oviducts until they reach the ovaries 
and fertilize the eggs as they arc discharged. The fertilized eggs pass 
down the oviducts and as they do so they become associated with the 
volk cells discharged fre m the yolk glands. In the genital chamber the 
zygotes and the yolk cells become surrounded by a shell to form an 
egg capsule. Thus, it becomes apparent, that the zygotes arc supplied 
with yolk cells as they do not have yolk themselves. Hach capsule con- 
tains about ten zygotes and thousands of yolk cells, and as it passes 
out of the genital pore it is often fastened to some objects in the 
water where development takes place. Development is direct. No 
larval stage is met with, the young one that hatches out is just like 
the adult (Fig. >50) hut ,hc reproductive organs arc not formed. 
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Fig. 148. Diagrammatic cross-section through a sexually mature Planaria.. 
1, cilia; 2, circular muaclc fibres ; 3, longitudinal muscle fibres ; 4. flame cell; 
5, mesenchyme ; 6, testis ; 7, excretory pore ; 8. nerve cord ; 9, sperm duct: 10,. 
oviduct; 11; yollc gland ; 12. gland cells. 

Asexual Reproduction. Some Turbcllarja multiply ascxually 
commonly by transverse fission. No prepa- 
ratory morphological changes take place A \ 
bclore fission. When the animal has attained J | j 

a certain size the worm constricts at a region I I 1 

behind the pharynx (Fig. 149). The animal 1 ' ' 

< keeps on gliding in this condition. Suddenly J V- i 

the posterior part may grip the bottom and | f 1 % 

hold on, while the anterior head piece struggles I I \ ** 1- 

to move forward, and thus the fission region V / p ' ( V 

is pulled out to an elongated shape and finally | j* 

ruptures. Both the pieces soon regenerate \ J 

their lost parts. Asexual reproduction is not \ / 

found in all but is restricted to some species \ 1 

only. Some species reproduce ascxually in 1 / 

one season and may develop sex organs in \ l 

the other, but there are some species that U 

c *t si : ely asexually and rarely Fi «- >«■ a«x„m „. 

de\clop sex-organs. produciion showing one 


Fig. 149 . Asexual re- 
produciion showing one 
fission plane dividing ihe 
Nervous System. In the head region ,n, ° l "° z ® oids 

of a planarian the nervous tissue is concen- nSZt ,w ? fission 
twted into a bilobed mass called the brain, into ihreVzoohis (ldiT™ 
^ m * rk ?. * hc fi / st appearance of a centralized nervous system the 
kind of which is found,nail higher animals. From the brain krisc 
two nerve cords, which are simple strand-like concentrations of 

surfece Thc a ?woT £ ckw “ rf ,hr °“« h ,he P*™chyn,a near venwi 
cords g.ve°ff several branches to ,he sides of .the body. The brain of 
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Fig. 150. Behaviour of Turbellaria. 

a planarian has no control on the muscular co-ordination involved 
in locomotion. Thus, it will keep on moving in a co-ordinated fashion 
even if deprived of its brain. The brain here receives stimuli from 
the sense organs and sends them on to the rest of the body. The 
nerve-net as was seen in Hydra does not disappear in the planarian 
but persists in addition to the centralized nervous system. In some 
of the most primitive Turbellaria the nervous system is in a con¬ 
dition resembling that of the coelenteratcs, which, according to some 
authors, appears to be the original type of nervous system of the 
group. 

Sense Organs. The Turbellaria arc richly supplied with sensory 
cells of various types. Some arc simple tactile cells slender and elon¬ 
gated, and lie with their pointed ends projecting from the body 
surface. Some are specialized to receive chemical stimuli and are 
termed the chemorcccptors, which perceive and orient toward food 
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juices at a distance. The chemoreceptors are mostly restricted to the 
head region and comprise ciliated pits, and grooves, etc. Some are 
similarly specialized to receive temperature stimuli whereas some arc 
modified to act as current detectors. Some sensory cells are grouped 
in the head region forming special sense organs. The sensory 
lobes, auricles, on each side of the head are known to possess sensory 
cells sensitive to touch, water currents and probably also to food 
and other chemicals. 




Fig. 152. Section through an eye of 
a planarian (After Hesse). I, nerve cell ; 
2. pigment; 3, surface ectoderm ; 4, rod 
border. 


Fig. 151. Nervous system. I, 
train ; 2, nerve cords. 

For the perception of light specialized sense organs, eyes or 
-ocelli, are present, although the general surface of the body is also 
sensitive to light. Each eye consists of a bowl of black pigment 
filled with special photosensitive cells, or retinal cells, whose ends con¬ 
tinue as nerves and enter the brain (Fig. 152 ). The free ends of these 
bipolar cells projecting in the cavity of the pigment-cup are marked by 
longitudinal striations forming the rod-border of uncertain function. 
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Fig. 153 . Behaviour. Effect of ,liglu. l^ar.in al[n ovirg aua> him light placed 
at A. When the worm reacho position 2 , light is u o\(d to pos.iion h. i n mediately 
the worm moves ( 3 ); now \vhen-ii*rcache>|position 5 light is moved on to position C, 
the worm again turns away. 

The pigment shades the sensory cells from light in all directions but ore 
and so enables the animal to respond to the direction of light. The 
ectoderm immcdiatclj above the eye is devoid of pigment and thus 
permits light to pass through to the sensory cells. In some mote > 
developed eyes this epithelium probably possesses some refractive 
power also. This evidently increases the efficiency of the eyes. 

Behaviour. The behaviour of a planarian is more varied and 
shows much more rapid responses. The planarians avoid light and 
are generally found in dark places.undcr stones or leavesot water plants. 

If placed in a dish exposed to light, they immediately turn and move 
toward the darkest part of the dish. On application ot weak mechanical 
or chemical stimuli to the head region, either laterally or medially, the 
worm reacts positively bv turning toward the stimulus,but strong stimuli 
result in a negative reaction. They quickly react to the presence of tood 
and turn and move directly towards it. T hat is why a piece of raw meat 
placed in a stream inhabited by planarians attracts hordes of them, which 
glide upstream toward the food, guided by the meat juices in the current 
of water. The planarians are highly positive to contact and tend to 
keep the under surface of the body in contact with other objects. They 
also react to water currents and some species regularly move upstream 
against a current. The animals upon which they prey often agitate 
the water to which they respond rather very quickly. 

Regeneration. Turbcllarians possess a great power of regenera¬ 
tion Onlv some arc incapable of regenerative processes beyond 
wound healing and in some regeneration ot head is limited to pieces 
from anterior regions or to pieces containing cerebral ganglia. 
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Fig. 154. Grafting and regeneration. A, the head of a planarian is split into 
two ; B, each half regenerates the missing pan ; C. the head is cut repcatc Uy and 
each grows into a separate head producing a several headed monster ; D, a small 
piece of the head of one worm is 'grafted on the body of another ; E, the grafted 
piece develops into a new head. 1, host ; 2. graft. (A, B based on Child ; C, after Lus 
and D, E after Santos). Figures on extreme right show that the capacity for regene¬ 
ration decreases from the anterior end to the posterior. Cut the worm in several 
pieces as shown in tbe figure and note the result. 

Although some planarians regenerate complete from almost any 
piece, but any piece of such animals retains the same polarity, that 
is, the regenerated head grows out of the cut end of the piece which 
faced the anterior end of the whole animal and the regenerated tail 
grows out of the cut end which faced the posterior end. Alternations 
of polarity are rare, but can be induced or increased experimen¬ 
tally. The capacity to regenerate is markedly related to level, being 
greatest or most normal anteriorly and declining posteriorly. Thus, 
the pieces from the anterior regions of a planaria regenerate faster 
and form bigger and more normal heads than pieces from posterior 
regions, and there is a gradual physiological gradation of the power 
of (Fig. 154) regeneration along the anteroposterior axis. In some 
planarians only the pieces from anterior regions are able to form a head, 
while those farther back effect repair but do not regenerate a head. 

Grafting experiments prove the existence of the axial gradation 
in an effective manner. Besides this, grafting also proves the domi¬ 
nance of the head region over the rest of the body. If a head piece 
is excised and grafted in windows in other parts of worms it induces 
the anterior cut surface to form a tail, though ordinarily it would have 
formed a head. Grafts from the tail regions do not have these effects 
and are generally absorbed. The dominance of the head over the rest 
of the body is limited by distance. If the animal grows to a sufficient 
^gth, its rear parts may get beyond the range of dominance of the 
head. This happens in asexual reproduction of the planaria when 
the rear part starts to act as if it were physiologically isolated and 
then finally constricts off as a separate animal. Experimentally, it 
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has been shown that the cutting off the head induces separation of the 
bud in asexual reproduction. 

Some other interesting features of planarian regeneration may te 
dealt with briefly. If the anterior end of the head is cut down the 
middle, and the two halves are prevented from growing together again 
into a single head, then each half will regenerate into a head forming a 
two-headed individual. Likewise if the head is cut repeatedly and the 
cut edges are not allowed to grow together a multi-headed individual 
may be produced. Isolated heads cutoff just behind the eves also 
often regenerate a reversed head at the cut surface. Veryshort pieces 
especially from anterior regions may form heads at both cut surfaces. 
Similarly, in some species, short posterior pieces produce biaxial tails. 
An oblique cut results in the formation of head at the most anterior 
point and a tail at the most posterior point. 


CLASSIFICATION 

The Turbellaria are divided into five orders, Acoela, Rhabdocoela, 
Alloeocbcla, Tricladida and Polycladida. This is the most conser¬ 
vative system of classification that is followed here, though some 
recent workers (Meixner, 1958) proposed alternative classification 
under which the rhabdocoels arc split into three orders and the 
triclads arc made a sub-order of alloeocoels. 

Order Acoela. The Turbellaria in which a digestive cavity is lack¬ 
ing, food is digested in the mass of the endoderm cells either scattered 
or aggregated into a central digestive zone in which temporary space 
appear around the digesting food particles. Mouth is present. 1 hey 
have no excretory system. In primitive forms the nervous .jstem 1. 
diffuse and cpidermally located, but in most others the nervous system 
consists of a submuscular plexus with j ro 6 pairs of longitudinal rand.. 
The gonads are definitely delimited and the sex cells originate from the 
mesenchymal cells directly. Copulatory mechanism iswell dcv<e oped. 
The Acoela arc small free-living, exclusively marine forms, .omd'cm 

One of the 

tide pools and is green in the adult condit,on due to the presence o 
symbiotic algae. . - 

Other known genera include Nemtr/ojfrma, D.ofulbopcrns, Bclo- 

cotyh, llap/odiscns , etc. . , . lin 

Order Rhabdocoela. The Turbellaria that have a straight un- 
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Fig. 155. Rhabdocoela 
(after Hyman). 1, statocyst 
nematocysts. C._ _’__ 

j 4| i? ,k g A an ^ : ' 5 * imct * inc * 6 __ * __ 

|0, adhesive due. D, Ttmnoaphda (after Haswell). 1. tentacle 
5, pharynx ; 4, tentacle glands * * r * 

9, testis; 10, seminal vesicle * 


A. Caltuvla Itmnat (after Hyman) ; B, Microstomum- 
- . . 2, fission plane or zooids ; 3. ciliated pit ; 4. cluster of 

G^e/inodaeiyUlla (after Haswell); 1, tentacle; 2, adhesive disc ; 3* 

\ ovary : 7, uterus ; 8, testis ; 9. penis stylet ; 

‘2, excretory ampulla ; 

. intestine : 6, bu»ra ; 7 , sperm duct ; 8, ovary ; 
11 , penis stylet; 12 , common antrum ; 13 , adhesive disc, 
turbellarians, molluscs, cchincderms and crustaceans. The rhabdocoels 
have a system of flame-cell nephridia and a more highly developed 
nervous system. The reproductive system consists, in male, of well- 
developed testes, sometimes broken up into lobes or separated follicles,, 
in female, one ovary or a pair of ovaries, a pair of yolk glands and tfe 
cojjulatory complex. In some rhabdocoels asexual reproduction occurs 
oLV 1 w P la ™*. rl f ns - In Microstomum the parts fail to separate at once so- 
or!l C f; a,nS r 0fClg i ht JO sixteen sub-individuals each with its own mouth, 
Z £ ormcd - Th,s also possesses nematocysts, believed to 

rav M tK f hydras UpOD which il fccds * From the g^trovascular 
322 th C nema 1 t °5 ySt J S pass throu « h thc “«enchyme to the ectoderm 
where they are lodged in some epithelial cells and used in defence. 

on * ^abdocods are found all over the world in fresh standing 
u lng W w CrS ’ m damp terrcstr ial habitats and littoral zones 
T 8 ' M, l ro , stori T' M**"*f**m> hUsostoma , Catenuh, 

■>» - —■ 

Order Alloeocoela. The Toibellaria with simple intestine which, 
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Fig. 156. Allocococla. A, Prorhynehus ^ 

•rtagna/i, (from Hyman); B. Plogictorrum sensory ruft ,2f?ntal gland y 
album (after Hyman). 1. mouth ; 2. eyes ; 4. brain ; 5. mouth, 6. chatca .ones , 

3, pharynx ; 4, intestine ; 5, ciliated pit ; 7, caudal tutt. 

6, buccogeoital canal ; 7, penis ; 8, adhe¬ 
sive papillae. . t 

may be like a contoured sac or with diverticula The pa.« 
pbridia have two or three main branches on each s.de and a number of 
nephridiopores. The nervous system has three or four pa« of long 

b<>tt Some of the known forms include Prorhyncbm (Fig. 156 A), P/agiOs- 

towum, (Fig. .56 B). Hrpoln'hmt, Ol°pl«™,'<c 

Order Tricladida. The Turbellaria in which the intestine is thre _ 
branched and the pharynx is plicate. They are commonly knoun 
planarians and form familiar class room tvpcs (sec page 195). They 

inhabit both fresh and salt water and hunud terrestrial reeo • 

of the terrestrial forms arc large and often bri hantly cdoured. M 
plays an important role in the life of and planar,an■ 1 ““JdSE 
that protects them from drying. While movmg they form a shme 
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Fig. 158. Thysaaazoon (dra¬ 
wn from specimen in the De¬ 
partment of Zoology, University 
of Allahabad). I, tentacle ; 2, 
cerebral eyes; 3, outline of ruffled 
pharynx ; 4, mouth ; 5 double 
male pore ; 6. female pore ; 7, 
adhesive disc; 5, 6, and 7, seen 
ventrally. 



Fig. 159. The Mono- 

genea. Gyrodadylus (right) 
and Pclytlomoides (after Stun- 
kard). 1. anterior adhesive 
organ : 2. mouth ; 3, phar¬ 
ynx ; 4, unicellular glands 
whose ducts open on the 
adhesive organ; 5, intestine; 
6, embry o; 7, ovary ; 8, testis; 
9, anchors ; 10, marginal 
hooks; 11, gonopore ; 12, 
opisthaptor with six suc¬ 
kers. 


Sometimes slime threads arc formed with the help of which they can 
descend from leaves or branches or even drop from heights. 

The genus, Dugesia ( Euplanaria) is the typical planarian with dark 
colour, triangular head, projecting auricles, two eyes and is included 
as a type in many text books. Other genera arc P/anaria , Phagocata y 
Polycelis , Bipalium (land planrian) and Bdelloura, etc. 

Order Polycladida. The Turbellaria in which the gut has many 
diverticula which ramify all through the body and which are exclu¬ 
sively marine, living typically on the bottom. They arc greatly 
flattened, thin and leaf-like and, in general, are the largest of Tur- 
bcllaria. Some species are known to attain a length upto six inches. 
There are some pelagic forms also, they are transparent or trans¬ 
lucent but the bottom dwellers are either white, brown or gray. 
Some polyclads living among the coral reefs are brightly coloured. 
A pair of tentacles is present projecting from the dorsal surface 
near the anterior end or from the sides. The eyes are numerous and 
small. They are situated either as a pair of cerebral clusters in the 
brain region and a tentacular cluster near each tentacle or may occur 
scattered over the anterior end. Flame-cells occur. Ovaries are small, 
numerous and testes scattered throughout the sides of the body. 
Yolk glands are lacking. Complicated set of organs to transfer sperms 
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along with gelations secretion that forms adhesive thread contain¬ 
ing o row of eggs. This thread is woven variously to form a gela¬ 
tinous egg-mass. Development is not direct, it leads to the paoduction 
of a larva known as Muller’s larva (Fig. 157) with eight posteriorly 
directed lobes bearing especially long cilia. This larva has an apical 
sensory tuft of cilia and may have a caudal sensory tuft at the opposite 
end. In some species of Stylo (bus, the larva has only four lobes and this *■ 
is termed Gotte’s larva. This was long regarded as a stage in the deve¬ 
lopment of Muller’s larva but Kato has noted that it does not grow any 
further. The larval lobes are absorbed after a few days, the sensory tufts 
disappear, additional eyes differentiate, and the larva transforms into a 
young polyclad as a result of flattening. Some authors drew a relation¬ 
ship between the eight ciliated lobes of the Muller’s larva and the 
eight ciliated rows (comb-plates) of ctenophores, but this is very 
doubtful.. 


The genus Stylocbus has prominent dorsal tentacles containing eyes 
and often feeds on oysters, so much so that it becomes harmful to 
the oyster industry, and is thus known as “oyster-leech.” Leptoplata , 
another genus characterized by the lack of tentacles does not have 
marginal eyes of which generally there are four clusters in the brain 
region. Another peculiar genus is Tbysatofoon in which the dorsal 
surface is covered with papillae into which run caeca from the 
intestine. There is a small adhesive disc behind the genital pore 
and is probably of copulatory function. Other notable genera * 
include Not op/ana, Pstudoctros (like Tby sat 0^00 n but the papillae 
are without intestinal caeca), Grafli^oon, Stylos to mum and Cydo- 

porus , etc. 


CLASS TREMATODA 

Definition. The Trcmatoda are parasitic flat worms resembling 
the free-living turbcllarians, but without an epidermis, instead non- 
ciliated cuticle covers the whole body. They may be external para¬ 
sites, ectoparasites, that live on or near the outsides of their hosts 
and have simple life-histories; or they may be internal parasites, 
endoparasites, that live within the bodies, in the gut or in tissues, 
and life-cycle takes a complicated course, one stage at least being 
spent in another host. 

General Characters. The Trcmatoda arc flat in shape hence are 
commonly known as flukes. They have one or more adhesive organs 
or suckers by which they attach themselves to their hosts. 1 he suckers 
have a cavity whence the name Trcmatoda (Cr. trema, a hole). The 
trematodes arc elongated oval in form, but the forms that live in 
blood of other animals tend to be slender. Some rounded disc-like 
forms arc also known. They are usually small, but often minute to 
larger-sized ones upto several centimetres long are also met witn. 
They are usually colourless or slightly tinted, parts of the reproduce 
system may be dark or the intestine may be coloured by food. 
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The Trematoda are provided with true suckers. A true sucker 
is a cup-shaped depression separated from the surface externally by a 
constriction and internally from the body tissues by a muscular layer 
running parallel to the concavity of the cup. The sucker is highly 
muscular and is provided with adhesive gland but it works primarily 
on the vacuum principle. The suckers are well developed in the exter¬ 
nally parasitic trematodes (Monogcnea) and occur at both ends of the 
body. They are also provided by additional clinging structures such 
as the claws and hooks in some cases ( Poiystopium) the posterior 
sucker may be divided into six separate suckers in a circle. In the 
parasitic trematodes there are usually two suckers, an anterior or oral 
6uckcr surrounding the mouth and a ventral or posterior sucker on 
the ventral surface. 

The mouth is anterior except in one family (Bucephalidac) in which 
it is in the middle of the ventral surface. The mouth leads through 
a muscular pharynx, with or without the intervention of an oesophagus, 
into a two-forked intestine, the branches of which arc known as crura 
or caeca that extend posteriorly as blind tubes. They may give off 
lateral branches in some cases that may eventually anastomose to a net¬ 
work. In some (Monogcnea and digenctic family Bucephalidac) the 
intestine is a simple sac as found in rhabdocoels. There is an excretory 
system of flame-cells and canals, each of which runs along the side and 
commonly recurves itself. In some the two canals arc completely 
separate (Monogcnea) and open separately near the mouth on the dorsal 
surface, hut in others (Digcnea) the two tubules unite to form a median 
oval bladder opening by a single pore, the nephridiopore, at the middle 
of the posterior end usually dorsally. In the trematodes each flame-cell 
is nucleated and is not attached directly to the main trunk, but to the 
recurved portions of the tubules or to the branches. Sometimes lateral 
flame-cells arc also met with. In some (Digenea) the terminal flame-cells 
occur in clusters of two or four attached to a single collecting tubule by 
capillaries. The number and arrangement of flame-cells is used for the 
purposes of classifying the group. 

The nervous system is usually well developed and, like that of the 
turbcllaria, consists of a pair of cerebral ganglia and a submuscular plexus 
running into longitudinal cords connected by transverse connectives. 
The trematodes have no special sense organs. Only most external 
parasites have eyes but in the endoparasitestheyare absent in the adults, 
being present in the larval stages only. The reproductive system 
presents a high degree of complexity seldom found even in higher 
animals (see below). 

TYPE POLYSTOMUM 

Form and Structure. Potystomum (Fig. 160) is a common exter¬ 
nally parasitic fluke that is frequently found in the cloaca or bladder 
of the frog, and sometimes it is found attached to the gills of tadpoles. 
In all essential features it is like a turbellarian, but certain 
special features have developed in response to the parasitic mode 
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a ncphridiopore on the dorsal side near the mouth. Before opening the 
canal may be dilated to form a contractile bladder. 

The nervous system presents the turbellarian plan, special sense 
organs and eyes are absent, though in some Monogcnea eyes may also 
be present. 

The reproductive organs (Fig. 160B) are more complicated than 
those of the Turbellaria though the fundamental plan is the same. The 
testis is a single follicular structure lying in the middle of the body rather 
towards the posterior side. From it arises the vas deferens that runs 
towards the anterior side to the copulatory organ before which it may 
widen to form a spermiducal vesicle. The copulatory system comprises 
a muscular penis bulb from which projects the penis, a muscular 
or fibrous papilla often armed with hooks. The male apparatus opens 
in an atrium common with the female uterus. The atrium opens by a 
common gonopore situated on the ventral surface. The female 
generative organs comprise a single elongated ovary, a pair of follicular 
vitelline glands, lying in the lateral body regions, and the oviduct that 
widens into the uterus which opens into the genital atrium. From 
the main vitelline duct of each side a transverse duct arises and meets 
its fellow of the opposite side to form a common vitelline duct or yolk 
reservoir from which a common yolk duct extends to the oviduct. 
Shortly after leaving the ovary the oviduct receives the common yolk 
duct, then receives a genito intestinal canal from the right intestinal 
caecum and then widens to form small ootype, surrounded by numerous 
gland cells, Mchlis’s glands (also called the shell glands). Beyond the 
ootype the duct is widened out to form the uterus. Besides these struc¬ 
tures there occur paired copulation canals (vaginae), which open 
separately and independently on the lateral surfaces towards the anterior 
end of the body. They receive the penis in copulation and may be 
widened below to form seminal receptacle. 

Fertilization, Development and Life-history. |y\fter leaving the 
ovary the egg is immediately fertilized, becomes suxVcundcd by yolk 
cells and moves into the ootype where the shell is formed. The shell is 
formed mainly from the product of accompanying yolk cells and not 
from the secretions of the shell glands, which probably lubricate the 
uterus, and makes the passage of the capsule easy. The shell has an oper¬ 
culum at one end, often bears at one or both ends long filaments with 
which it attaches to the host. The fertilized egg develops into a small 
ciliated larva which has two eye spots and the rudiments of the adult 
organ-system. The larva swims about for some time and then attaches 
to the gills of a tadpole, a new host, after entering the branchial chamber. 
The parasite then grows and metamorphoses into the adult foxm. The 
life-history in this case is simple involving only a single host, hence 
called Monogenea. From the branchial chamber the parasite moves 
into the pharynx and thence to the cloaca through the gut. It matures 
sexually in the cloaca. If the larva happens to attach itself to a very 
young tadpole it may attain sexual maturity whilst still on the external 
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gills. These gill-parasites always die before acquiring all their adult 
features and they never migrate to the cloaca of their host. ^ 

ENDOPARASITIC FLUKES 

The Digenea are all internal parasites, some of which arc responsible 
for serious loss of life in man and domestic animals. The life-history 
in each case is quite complicated needing at least two hosts, in 
some cases three and four different hosts are involved, and there are 
typically four larval stages. The adult primarily occurs in the digestive 
tracts and its appendages, such as lungs, liver, gall bladder and bile ducts, 
etc., of vertebrates. They may also be found in the kidneys and ureters, 
air-sacs of birds, parts of respiratory system, coelom, eye and other head 
cavities. One stage of their life-history is usually spent in an inverteb¬ 
rate host, almost invariably a mollusc. Their life-histories arc said to 
bedigenetic life-histories due to the fact that they need at least 
two hosts for completion. This alternation of hosts is responsible for 
the naming of the group Digenea. 


TYPE FASCIOLA HEPATICA 
Fasciola bepatira lives in the bile duct of a sheep tas an internal 
parasite, as such it is popularly called the liver fluke. Typically they 
inhabit the bile ducts but sometimes invade other organs and cause a 
disease known as "liver rot". They may occur in cattle, other 
mammals and rarely in man. Heavy infestations even cause many 
deaths. Sheep liver fluke thrives only on pastures with marshy areas 
where the appropriate snails occur. 

./ Form of Body. In form the sheep liver fluke is lcaf-likc about 

\ to inch in length and an inch -• 

broad. The anterior end is drawn 
out to form a conical head lobe, at 
the apex of which is situated the 
oral or anterior sucker, a cup-shaped 
structure, with an oval opening the 
mouth in the middle. A short dis- V\ 
tance behind the head lobe is, locat- 
cd another cup-shaped sucker, the 
ventral sucker. Between the two 
suckers lies the genital aperture 
placed slightly towards the posterior 
side. The excretory aperture is sin¬ 
gle and lies at the extreme posterior 
end of the body which is bluntly 
pointed. 

Body Wall. The body is covered by a thick layer of cuticle 
externally the cilia arc absent and the epidermis is lacking as a distinct 
roll laver.* The cuticle is very thick and homogeneous layer and hears 
numerous spinc-like thickenings (Fig. 162) the spinulcs orrcuucular 
scales, below the cuticle lies the muscular layer consisting of a layer o 



Fig. 161. Fasciola hpalica, entire. 

1, mouth; 2. reproductive aperture ; 
3, posterior mucker ; 4. excretory pore. 
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circular muscle fibres, next to the cuticle, and a layer of longitudinal 

fibres below the circular. 
Scattered among the muscle 
fibres are found gland 
cells which open out on 
the surface of the cuticle 
and secrete a nonmucous 
substance. The gland cells 
are scanty as compared to 
the Turbellaria. The ecto¬ 
dermal cells are elon¬ 
gated nucleated cells sunk 
into the parenchyma. They 
are connected with the 
cuticle, which they secrete, 
by protoplasmic processes. 
Fig. 162 Cross-section of the boJy wall Some writers regard them 
of a nematode. as special mesenchymal 

cells. The space between the organs is filled by parenchyma con¬ 
sisting of peculiar branching vacuolated cells. 

Alimentary Canal. The mouth leads into a short ovoid 
pharynx which is a suctorial structure well provided with muscles. 
Following the pharynx is a short thin-walled tube, the oesophagus, 
that almost immediately bifurcates forming two main branches of the 
intestine, from each of which arise numerous branched caeca which 
run practically through every region of the body and between which 
are wedged other organs. 

Excretory System. As in the planarian, the excretory system 
consists of much branched tubes with characteristic flame-cells. The 
main excretory duct is one large vessel opening to the exterior at the 
posterior end of the body. In front, it gives off four large trunks which 
branch and rebranch forming smaller capillar)' vessels which end in 
flame cells. The main trunk receives many large ducts, into which drain 
smaller tubules whose ultimate branches end in flame-cells. 

Nervous System. The nervous system is well developed 
tnspitc of the fact that due to sluggish and parasitic habits such a large 
correlation centre is not needed. The cerebral ganglia are prominent 
•masses of nervous material joined together by a nerve ring around the 
oesophagus. From these arise numerous nerves going to various parts 
of the head region. Of these branches two, the lateral nerves, are much 
larger than any of the others. Delicate branches from these innervate 
•various organs of the body. 

Physiology. Much physiological work has not been done because 
of the difficulty in keeping the flukes alive outside the bodv of the host. 
Even in tissue fluids of their hosts or in blood they cannot be kept for 
sufficient periods. Whatever is known is based upon fragmentary 
information available here and there. Flukes generally ingest food by 
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Fig. 103. Digestive (A) and excretory (B) s>stems of the liver tluke. 


mouth, the food comprises blood, tissue cells or food particles from the 
host intestine. The liver fluke feeds on the bile duct epithelium and the 
lung flukes of frogs feed exclusively on blood. Digestion is mainly 
extracellular. Some flukes release fluids in the host tissues that degene¬ 
rate and dissolve into a nutritive fluid that is eventually ingested by the 
flukes. The nutrients may also be absorbed through the general body 
surface. Food is stored chiefly as glycogen which has been found in the 
parenchyma, musculature including the sucker and in ovaries. Fat 
droplets have also been reported mostly in the walls and lumen ot 
excretory system. 

The respiratory metabolism of the flukes is quite different. It lives 
in an environment whose oxygen content is very low so that it cannot 
respire in the same way as most animals do. It has been found 
that they respire anaerobically consuming glycogen and producing 
carbon dioxide and fatty acids (anoxybiotic respiration), although they 
do consume oxygen when this is available. 

The physiology of excretion is not clearly understood. The bladder 
and main ncphridial stems often contain some prominent spherules or 
granules probably of excretory nature. They arc found more in the 
larval stages and their chemical nature is not known except that some 
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Fig. 164. Diagrammaiic transverse section of a pan ol the boJy of Fasciola hepatic a . 
arc fat droplets. It is, therefore, presumed that the normal excretory 
products of the flukes are the fat droplets. Further it has been experi¬ 
mentally shown that the flame-cells arc of water-regulatory function, 
and the tubular part of the system, probably, secretes waste products. 

Reproductive System. The individuals arc hermaphroditic. 
The male gonads consist of a pair of much branched tubules, the testes, 
the walls of which produce spermatozoa and shed into the lumen. These 
occupy a good deal of space in the middle of the body, one lying anterior 
to the other. From each testis a sperm duct, the vas deferens, extends 
forwards and fuses with its fellow forming a common sperm duct. This 
extends forwards as a wide coiled tube, the vcsicula scminalis, lying 
in front of the ventral sucker, which, in turn, is followed by a narrow 
tube, the ejaculatory duct that opens into the copulatory apparatus. 
The copulatory apparatus consists of an enlarged, highly muscular 
Cirrus sac, the distal portion of which is cversiblc as a cirrus, that is, it 
can be protruded by evagination. The male pore is situated at the 



tip of the cirrus. In other 
flukes a true penis papilla 
is occasionally present. 
When the cirrus is with¬ 
drawn into the cirrus-sac 
asmall space is left in front. 
This is the genital atri¬ 
um, a common chamber 
for the male as well as the 
female apertures. 

The female generative 
organs consist of a single 
ovary which is a branched 1 
structure lying towards one 
(often right) side of the 
mid-line about one-third 
of the way from the ante¬ 
rior end of the body. From 




Fig. 1C5. 
the Digena, 


The fema'c refroduciive oigans of* 


the ovary arises the short oviduct which soon receives the common vitel*- 


1 It may be rounded, lobed or tubular in other trematodes. 



Hg. 166. Fasciola hcpaiica. Diagram of ihc reproductive sysicm. only the 

beginning of the gut >hown. ,. 

line due. ami the copulation (Laurer’s) canal and , ,hc " w ‘f j"* a'F.ftcn 
to form the ootype Then it continues forward as a long, " idened of cn 
coiled tube, theuterus, that is filled with ova The >otypc is, cnc ‘ rc £ d 
by the Shell glands or Mchlis's glands (Fig. .65). The v,,ellar “ c ?" s d ‘“ 
of numerous* rounded yolk glands lying in.he lateral region °?thc^body, 
extending most of the body length The ducts from the right and left 
vitelline glands converge to the mid-line, and there ™ j 

receives™ h^chru^duVing population, and for this purpose-Hs ^rMS 

strengthened bv muscles and supplemented with and g nd cel s, 

etc. When the terminal part of.he female tube 

tion it is known as metraterm. The sperms enter h 

directly by auto-copulation in which the cirrus enters h p g 
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Fig. 167. Details of the male genital s>stem of Fasciola hspalica (after Hyman). 

t the uterus in the genital atrium, or the sperms directly wander from the 
male into the female canal. This happens in self-fertilization. In cross- 
fertilization the sperms enter by way of Laurcr’s canal or by way of 
metraterm where the former is absent. To enable this the copulation 
may be cither one-sided or reciprocal. 

Life-history. Fertilization takes place probably in the lower 
part of the oviduct. As the fertilized eggs pass into the uterus 
they become surrounded by yolk cells, which in the ootype, emit 
their shell forming droplets that form the characteristic shell of yel¬ 
lowish brown colour. The further hardening of the shell takes place 
probably by the secretions of Mehlis’s gland, though this is doubtful. 
According to many workers the function of the clear secretion 
of Mehlis’s glands discharged fnto the ootype is very uncertain 
(Hyman). Some (Goldschmidt, Nauss and others) are of opinion 
that this fluid lubricates the passage of the egg shell along the 
uterus. The egg-shell or capsule differs in shape and size in different 
animals, so much so that with the help of the size and shape even 
the parent flukes are recognised. At one of the poles of the capsule is 
formed a lid or operculum that allows the larva to pass through. 

The development takes place within the capsules as they are 
passing along the uterus and is completed after the capsules have passed 
to the outside with the faeces of the host. The hatching of capsules 
takes from a few hours to several weeks depending upon the development 
going oh in the interior. On reaching sufficiently damp situation a small 
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Fig. 1C8. Larval stage* of Fasciola hepalica. I. adult ; 2. egg case ; 3, n iracidium ; 
4. sporocyst ; 5. redia with rediae : 5', redi4_ \yitli ccicariae ; 0. cercaria ; 7, adult ; 
8, mouth ; 9. pharvnx ; 10. gut ; 11. vrnTral suckrr ; 12. eve >pot ; 13. germ cells; 
A, course of life cvcle in sheep ; B, Iree. in water ; C. in the brdy of the snail ; D,-| 
in water (also see figure 108). 

free-swimming laiva called rhe mirrcidiim is hatched. He mitaci- 
dium is a minute conical body built up of large ciliated cells arranged 
in five rings. At the broader end is a small conical apical papilla and 
behind this is a pair of pigment spots or eye spots. A small blind gut 
and a pair of flame-cells are also present. The rest of the body is filled 
with loose mesodermal tissue. The miracidium larva swims freely in 
water or on moist vegetation and soon dies if it docs not reach a species 
ofcommon water snail, l.imnaea in.inatiilaot P/a»rorbis 9 'ns secondary host. 
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Finding the snail the miracidium bores its way with the help of the 
papilla into the pulmonary sac, where it casts off the coat of ciliated cells, 
and grows rapidly into a different type of larva, the sporocyst. It is 
an elongated sac covered with thin cuticle beneath which is the usual 
muscle layer and the parenchyma. It contains germ cells or balls 
and propagator)' cells apart from a rudimentary gut and few flame-cells. 
The germ balls may multiply by dividing up into daughter germ balls. 
In fact except the germ balls the sporocyst contains no other organ of 
any importance. The sporocyst absorbs nourishment from the host 
tissue and moves about a little, thus often becomes highly destructive. 
The germ balls produce daughter sporocysts and under normal circums¬ 
tances they produce the third type of larva, the redia, a stage often omitted 
in many other flukes. Each redia is an elongate sac-like larva with a small 
mouth, a suctorial pharynx and a simple intestine the posterior end 
of the body bears a pair of muscular projections, the posterior processes 
or lateral projections, whereas at the anterior end the body wall 
is produced to form a muscular collar. Besides this near the anterior 
end there is a birth pore. The body wall consists of the outer cuticle 
and usual muscular and parenchymatous layers. The redia may have 
■flame-cells. The germ balls lying in the cavity give rise to secondary 
rediae, in the summer months only, or to the fourth type of larva the 
cercariae (singular ccrcaria). In any case the end product of the normal 
redia-generation is the ccrcaria. 

Before this happens the rediae pass out of the sporocyst, and by 
means of the collar and posterior lobes of the body they slowly migrate 
to the digestive gland through the tissues of the snail. It is here that 
the cercariae are formed inside the rediae. The ccrcaria is formed from a 
germ ball and has a higher grade of organization than any of the preced¬ 
ing larval stages. It is a small heart-shaped larva (about o.j mm. long) 
bearing a tail (Fig. 168). The rudiments of most of the adult organs arc 
present. There is a small oral sucker perforated by the mouth and a 
ventral sucker. There is a suctorial pharynx, a forked intestine, paired 
excretory tubules with flame-cells and rudiments of reproductive organs, 
product of the multiplication of the propagative cells. When mature 
the cercariae pass out of the birth pore and move back to the pulmonary 
sac of the host. It is from here that they pass out. After their escape 
each secretes a cyst around the body by the action of special cystogcnous 
cells below the cuticle. In the vast majority of cases encystmcnt takes 
place in water and the encysted larvae may remain quiescent for periods 
upto twelve months. Sometimes cercariae encyst on vegetation. In 
this case they cannot survive beyond a few weeks. The encysted larva 
as called metacercaria and, in fact, is a juvenile fluke. 

Further development takes place if the cyst is swallowed by the 
main host, the sheep, in this case. The cyst walls are digested and the 
young flukes, which emerge, bore their way through the wall of the 
gut into the body cavity. After about three days they infect the liver 
by boring through its substance and oft V cause blood to escape 
into the body cavity with serious consequences to the host. Eventually 
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flukes enter the bile-ducts and grow to maturity, thus completing 

Variations in Life-histories. The above is a typical life-cycle 
but many variations occur. In some cases the miracidium hatches 
when the capsule has been swallowed by the proper host and as such 
it does not lead a free-swimming life. Naturally, the miracidium 
is devoid of ciliary coat and on the other hand is provided with an 
apical crown of spines to invade the host-tissues easily {Didymo- 
cystis). In some cases the miracidium contains a fully developed redia 
{Parorchis) provided with penetrating gland so that the sporocyst stage 
is omitted. In some the encysted stage is skipped as the cercariae 
penetrate the host tissues directly (the blood flukes). In some cases 
tailless cercariae occur in either aquatic or terrestrial hosts and may or 
may not be encysted. 

Nature of Digenctic Life-history. The production of the larval 
stages in the Digcnea raises a vital issue regarding the nature of repro¬ 
ductive processes involved. Formerly it was believed that the reproduc¬ 
tive processes in the sporocysts and rcdiac were parthenogenctic. Thus, 
the propagative cells of these stages (germ balls) were regarded as eggs 
that developed parthcnogcnetically and some authors even described the- 
maturation processes. This theory has now been given up and the 
reproductive processes in the sporocysts and rcdiac arc regarded to be 
an example of polyembryony, which means formation of more than one 
embryo per zygote, by fission, at some early stage of development. The 
rcdiac arise by the division, differentiation and subsequent growth of 
cells which are the direct lineal descendants of the propagative cells 
set aside at the first division of the fertilized egg. There is, thus, from 
the very early stage of development of the zygote, a distinction between 
germinal and somatic cells and the germinal cells alone give rise to subse¬ 
quent generations of the larvae by asexual multiplication. The digenctic 
life-cycle, thereof, is similar tothat of the hydroid coelentcrates consisting 
of a period of asexual multiplication during immature stages followed 
by sexual reproduction m the mature stage, but it is better to regard the 
whole life-cycle as a continuous development involving asexual multi¬ 
plication in larval stages. 

Flukes and Man. A hverfluke C/onorebis sinensis parasitizes man 
and illustrates a life-cycle involving two intermediate hosts. It is com- 
mordy found in China, Japan and Korea and is, therefore, called the 
Chinese liver-fluke. The adult is about half an inch long and has two 
suckers oral and ventral. Its thick cuticle is highly resistant to digestive 
fluids. It is hermaphroditic, and the capsules pass from the liver into the 
intestine and escape with the faeces. If the faeces get into water, as 
they commonly do, the capsules do not hatch into free-swimming mira- 
cid.a as in the liver fluke but are eaten by snails and hatch within the 
digestive 'tact of the snails. The miracidium works its way through 
the wall of the digestive tract into the tissues of the snail and develops 
into a sporocyst which produces redia. The development of redia fur¬ 
ther increases the number of young larvae and eventually they produce 
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rig. 170. Life c>clc of Clonorehit sinensis, l he Chinese liver fluke (after Faust). 
A. eating raw fi*h ; B, eggs in faeces. C; egn containing miracidium that will infect the 
>nail ; F, alter hatching ; D. sporoc>*t in snail: E, redia in snail ; G, cercaria ; H, 
inlcctcd fish ; I, cnc>sted cercaria in the flesh of fish : J. adult C/onorchis. 

ccrcariac which escape from the snail and swim about for some time. 
The ccrcariac encyst, not on grass like those of the sheep-fluke, but in 
the muscles of a fish, which serves as the second intermediate host. They 
bore through the skin of the fish, lose their tails, ad encyst. The fish 
secretes an additional capsule around the cyst produced by the parasite. 
There they remain till the fish is eaten by the final host, man. In the 
stomach the cysts are digested out of the flesh and the young[fluke* > 
emerge. They make their way upto the bile duct and into the smaller 
bile passages of the liver, where they feed on blood. They may persist 
for many years, causing serious anaemia and disease of the liver by 
blocking the bile passages. 

Another fluke commonly found in man is the blood fluke SMs/osoma 
intonkum, an elongated and slender fluke that lives in the blood vesse 
„f the intestine, clinging to the walls of the vessels by means of suckers 
and feeding on blood. The blood flukes arc not hermaphroditic but the 
sexes are completely separate and they present sexual dimorphism. The 
male is generally broader than the female and its sides fold over to form 
a groove, gynecophoric canal, in which the slender ancMonger fema e 
is held (Fig. 17..) The surface of the body is covered * minute 
spines or papillae. Both the suckers are present. A pharynx is lacking an 
the long oesophagus leads to forked intestine which arc fused po* 
teriody^to form a^single stem for a distance. Thererare several ts.es 
in male, and a long tubular ovary, voluminous yolk gl»nd*. °ng 
oviduct, ootype and straight uterus containing relatively few egg , 

The* capsules a,c bid bp *. fan* in «hc,.mil 

rffcsssssss: ssct-ssEii... 
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ture, the intestinal epithelium breaks and the capsules arc discharged 
into the cavity of the intestine. From 
there they are carried out with the 
faeces. The capsules hatch when 
they get access to water and free- 
swimming miracidia are produced. 

This is possible in countries where 
human faeces are used to fertilize the 
soil, and for that purpose are con¬ 
served in reservoirs on the banks of 
canals or irrigation ditches. The 
miracidium perishes after about twen¬ 
ty four hours if it does not encoun¬ 
ter suitable pulmonate snail. On 
getting the snail it penetrates and 
within it two generations of the spo- 
rocysts ensue and eventually a large 
number of ccrcariae are produced. 

They make their way out of the snail 
and infect the definitive host, man, 
directly, through the skin while 
bathing or wading or through the 
mucous membranes of the mouth 
if taken with drinking water. They 
cannot survive in the stomach. 

They make their way into small blood 
vessels and are carried in the blood 
stream to the blood vessels of the in¬ 
testine where the young flukes grow 
into adult worm, finally mating with another that entered at the same 
time or with one already established from a previous infection. 

Host-Parasite Relations. If the infection of trematodes is light 
usually no definite symptoms are produced, but heavy infections with 
cither larval or adult forms are usually highly damaging to the host. The 
general symptoms are loss of weight, retardation of growth, emaciation 
and a genera unhealthy condition, which in the extreme cases may result 
in death. Flukes that live in such sites as the bile ducts, blood vessels 
and lungs ate generally more harmful than those that inhabit the digestive 
tracts Heavy infection of snails with larval trematodes often results in 
parual or complete destruction of favoured sites of infection such as the 
gonads or digestive gland. The presence of the parasites evokes usual 
results such as inflammauon of the place, aggregation of leucocytes at 
•the site, phagocytosis, and production of connective tissue. The human 

Z T y y “/ S L a , usin e serious anaemia, and 
d> s “ se U 7 er from blocking 0 f the bile passages. The presence 

of blood flukes in man causes a disease, echlstosomiafiiR rharorwilrS 
iby body pains, a rash and a cough in the early stages followed by severe 
*5 


Fig. 171. The blood fluke. 
Schisioscma hotmalobium (after 
Looa, from Prasad and Varma). 
1, oral sucker j 2, oesophagus; 3, 
ventral sucker ; 4. male ; 5, gyne- 
cophoric canal; 6, female; 7, in¬ 
testine. 
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dysentery and anaemia later on. Victims may live for many years but 
gradually become weak and emaciated and eventually many die of 
exhaustion or succumb to other diseases due to already weakened con¬ 
dition and low vitality. 

Effect of Parasitic Life on the Parasite. In re‘ponse to parasitic 
life the parasite has undergone many morphological changes with the 
loss of unnecessary organs and the development of others. (/') The body 
is compressed dorso-ventrally. (/#) It is covered by cuticle secreted by 
cells beneath and lack cilia in the adult condition. (//'/) Adhesive organs 
have developed—there is usually a sucker about the mouth and one or 
several others on the ventral surface; hooks develop in some. (/V) I nc 
mouth is anterior and A-shapcd digestive tiact has several smaller 
branches to distribute feed. The food, consisting cf bedy tissues or 
iluids, is sucked by the action of muscular pharynx. Anus is 
absent, (r) Oigans r.f special sense such as the eye spots, etc., arc 
lacking in the adults (except in ectoparasites). (/•/) Definite 
respiratory organs arc lacking and anoxybiotic respiiation (sec page 
216) occurs in response to peculiar environment in which the 
parasite lives, (rii) Special development is seen in the organs o 
reproduction. As they cannot lay their eggs or larvae in suitable 
places, but must leave them to chance, large number of protected egg 
are produced. (/•///) Adaptation to parasitic life* complicates the bi¬ 
cycle; necessitating the acquisition of an intermediate lost tor shelter 

(primarily) and for development and trarsmissir n (sccondanly) of u e 
stages to'thc definitive host. In order to ir.crcrsc the chances of per¬ 
petuating the race by further multiplication some of the '"termed, 
stages have become highly specialised (for instance the sporocyst). 

Control. Control methods have evolved on the consideration of 
the life-history of the parasite. On .his b»it seven P?»>l 
of preventing the disease from spread.ng have been devised. The e m 
nation of the adult stage is not very practicable, hence the parasite is 
generally attacked in its larval stages!,) thedestruction of t h ^S'con<lar! 
ho-t, the mollusc. For the sheep liver fluke th.s may be car ed ou 
Cither bv the introduce n of ducks .0 the pastures u hen the sna, pope 
lation is oon reduced by being eaten by the ducks or by dra mrp tre 
pastures when the pond snails cannot survive. It is th.s last rnctkrd tha 
Fs usually effectively adopted. In the case manl.vcrfluUethe 

control is relatively simple. It needs thorough eook'ng ot the 
water fish, it- second intermediate host .0 destroy the ‘ocy s'cd ccrcana . 
Yet in certain regions in the south of China (u m 75 P . 

sewage system or the same way be deposited in a c . P• p aimcrS 

5SE■- 

that the young schistosomes within the capsule. > 


V 


PHYLUM PLATYHELMINTHES 


227 


CLASSIFICATION 


The Trcmatoda arc now divided into three orders : Monogenca, 
Aspidobothria and Digenea; of these the members of the order Aspido- 
bothiia have long been of uncertain status. Though separated quite 
early (1856, Burmcistcr) they were sometimes incorporated with Mono- 
genea and sometimes with Digenea but rew they have keen finally 
separated under the above name. 

Order Monogenca (Hcterocotylca). Ect< paiasitic Tniratcda 
with relatively simple life-histories that do not require an intetmcdiaic 
host. Both hooks and suckers are present to enable the animal to attach 
to the host from the outside. The excretory pores are paired and lie 
near the anterior end of the body. 

Examples : Gjrodattjhts (Fig. 159), common parasite on the gills 
of fresh-water fishes; Poljsiomum (Fig. 160, described above); hlonocotjU, 
Heteroco/j/e, Microbotlrinni , etc. 



Fig. 172. Colylaspis 

(after O<tom). I, mouth 
funnel ; 2, gonopore ; 3, 
alveoli, 4, sucker. 



Fig. 173. Homalogasler (after 
Fukui) from ruminants. 1, 
mouth ; 2, gonopore ; 3, 

papillae ; 4, acetabulum. 


Order Aspidobothria. The Trematoda in which the oral sucker 
is wanting and the anterior end is without adhesive structures. The 
ventral sucker is very much enlarged and subdivided into compart¬ 
ments. There arc no hooks present, nephridiopore is single and post¬ 
erior. They arc endoparasites but with simple life-cycles without an 
alternation of hosts. Mouth is terminal or subterminal with a large 
funnel-like opening, pharynx is small and the intestine is simple rounded 
or elongated sac. The reproductive system resembles that of the 
Digenea. The best known genus is Aspidognster. A . concbicola is 
parasitic in the pericardial and renal cavities of the fresh-water clams. 
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Another genus Co/jlaspis (Fig. 172) has three rows of depressions 
or alveoli on the ventral sucker and occurs in the intestine of turtles 
and also in the branchial chamber of clams. Colyloeaster is found in 
the intestine of fishes. Other notable genera include Lophotaspis and 
S ticbocntyle. 

Order Digenea (Malacocotylca). The Trematoda in which 
two suckers are present mostly, an anterior sucker that generally 
encircles the mouth (hence oral sucker) and a ventral sucker (often 
called acetabulum). But either or both may be reduced. No hooks 
present. Ncphridiopore is single; uterus is usually a relatively long 
tube containing many capsules. They are endoparasites with com¬ 
plicated life-cycles involving one or more intermediate hosts. Several, 
larval stages are present. About j.ooo species of digcnctic flukes 
are known. 

Examples : Fasciola bepatica , Clonorcbis sinensis (Japan and China), 
Fasciobpsis busli intestinal fluke of mankind found in China, India 
and adjacent islands ; Schistosoma haematobium blood fluke, Homalogaster , 
and many more. 


CLASS CESTODA 

Definition. The Cestoda are cndoparasitic Platyhclminthcs in 
which the entcron is entirely absent, and there is no mouth. The 
ciliated epidermis, in the adult, has been replaced by a thick cuticle. 
Organs of attachment are usually limited to the anterior «nd and the 
body is usually elongated and jointed, sometimes simple fluke-like 
body is met with. 

General Characters. The Cestoda, as a group, have felt the influ¬ 
ence of parasitic habits more than the Trematoda. They live in the 
alimentary canals of vertebrates and absorb their food directly'through 
the skin. The body is elongated tape-like, hence they are commonly 
known as tapeworms. Typically the body is made up of a number of 
segments or proglottides, separated by transverse constnetions A few 
tape-worms resemble flukes in general appearance »"d have a flatten^ 
undivided body. Each p'oglottis of a segmented worm is in man,.ways, 
comparable to a complete fluke-like worm in that it contain ’ a herma 
phrodite a of reproductive organs and portions ofcxcrctoryandnet 
vous systems which arc common to all the segments. The number or 
segments varies from 4 ( Echinococcus') to 4000.and 

may varv from imm. tt.ooru metres (40 feet). The bodconsists “ 
a knob-like head or scolex, bearing organs of »«■*»“£! 
a relatively short undivided neck, in which the P r °g'°^'^ S R^/'hain 
Following the neck is the main body or strob.la, compnsmg a ong ch n 
of segments gradually increasing in dimensions towards the posterm 
side The head is radially or biradially symmetrical and the nec 

strobila are notably flattened as such it is . dl *^\ t , n °tiofappearance. To 
so, when the external surfaces present almost^‘"tical app d . 

define the surfaces, therefore, internal bav * b ““ ncl W the 

The surface nearer the testes is defined dorsal and the one nea 
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female system is ventral. When these characters cannot be recognised 
the term 6urficial is conveniently employed to indicate the surfaces. 

The scolex has solid muscular construction. It has nephridial 
canals, and the central part of the nervous system. It bears organs of 
attachment which are represented by hooks and suckers. The suckers 
are of three kinds: (/) bothria consisting of a pair of elongated sucking 
grooves that have weak musculature ( Dibotbrioeephalus); (if) bothridia 
consisting of broad leaf-like structures with thin and very flexible and 
mobile margins (My^opby/lobothrium Fig. 182A) tbey.are four in number 
symmetrically placed and may be sessile or stalked; and (///) true suckers 
or acetabula (Fig. 174) consisting of hemispherical depressions, four 
in number, sunk into the sides of the scolcx (Taenia). The genus 
Spatbebothrium is without scolex or attachment organs. 

The neck is slender unsegmented portion in which new proglottides 
proliferate. The strobila consists of segments as pointed out above. 
With regard to the segmentation of tapeworms there is a controversy. 
Some people suggest that the fundamental characteristic of segmenta¬ 
tion, that is, the serial repetition of structural parts at regular intervals 
along the antcro-postcrior axis, is present as such they may be regarded 
as segmented. But the segmentation of tapeworms differs from that 
of annelids and arthoropods in that the zone of proliferation is anterior 
(behind the head) so that the youngest segment is the anteriormost, 
whereas in the annelids and arthropods the youngest segment is the most 
posterior one, excepting the terminal segment. Because of this difference 
in the manner of formation of segments the segmentation of the tape¬ 
worms is regarded different from that of other segmented animals. 
That is why most of the text books maintain the absence of segmen¬ 
tation in tapeworms. 

Four types of tapeworms infect man. These include Taenia solium , 
Taenia saginata, Dipbjllobo/brium latum and bij mi no ft pis nana. Interme¬ 
diate hosts of Taenia solium is the pig, of Taenia saginata arc becf-cattlc 
and for Diplyllobotbrium at first the water flea (cyclops) and then fish. 
Man is infected by eating pork, beef or fish in a raw or insufficiently 
cooked state. biymenolepis nana has no intermediate host. * 1 

TYPE TAENIA SOLIUM 

The pork tapeworm. Taenia solium , is a common inhabitant of the 
human intestine, and maintains its place despite the constant flow of 
materials. Taenia saynato , the beef tapeworm, is another relative of 
the pork tapeworm that occupies the same place. The description 
below applies main y to the pork tapeworm, but it also covers the 
salient features of the beef tapeworm. 

Form of Body. Taenia solium is a giant among worms and 
may be two or four yards long, a quarter of an inch wide but only 
one-sixteenth or so of aamch thick. The animal is attached to the wall 
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K of the intestine by the head 

> or scolex which is not more 

\ c than a pin’s head in size. 

j ) Tne terminal part of the 

scolex bears a cone-shaped 
J ' prominence, the rostcllum, 

* which is capable of protru- 

/ sion and retraction to a 

slight degree. At the base of 
e\crltor\ canal the rostellum is a double row 

_J—^ of pointed chitinous hooks 

3 Cjjd rostellar hooks, which are 

la \ about twenty-eight in num- 

I bcr. The scolex bears four 

Bl 0 *o cup-shaped suckers, accta- 

y bula, projecting from the 

Mr»» surfaces slightly behind the 

circlet of hooks. The head 
UrT J 0 ° is followed by a slender neck, 

which is capable of produc- 
ing tiny segments at the rate 
m t of 7 or 8 a day. The neck is 

S3 \| followed by the body or 

J3r\ i strobila, which has a seg- 

ydWKJflpJ mented appearance as it is 

made up of about 8jo pro- 
\ glottidcs. 


OOTVP6 


Fig. 174. Structure of T oenia solium. 


rfl- ootypc Body Wall. The body is 

l .OLK CL.ND covered externally by a pro- 

Fig. 174. Structure of Tama solium. tcctivc cuticle (Fig. i75) 

that consists of protein impregnated with calcium carbonate and 
is several layers thick, perforated by fi ne canals at intervals. Usually 
three layers of cuticle are met with; (i) the outer com.d.al layer wh ch 
is fringe-like and may in some develop spines or scales, etc (,/)the 
thickest central homogeneous layer and (///) the basement mem¬ 
brane It is secreted bv the subcuticular cells which appear separately 
sunk within the parenchyma, which fills all space between internal parts 
The muscular layer lies lineath the cuticle and consists of outer cm.tar 
and inner longitudinal layers. Besides this layer of muscles there are 
dorsovcnt.al, transverse and longitudinal (rarely diagonal) muscle fibres 

which Ts hC gcneraliv°wcU 'dcvel’o^d" The Tubcu.kle’ Tells are found 

Chym .Vlavers Gland cells are usually absent except in the scolex 
X- n omccaS they may form apical glandular region. Such 
apical ’ glands are always found ,n the tapeworm larsae. 
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Fig. 175. A, gravid segment of cestode. B, crossed ion of the body wall of a 
laenioid cestode. 

Digestive System. The tapeworm has no mouth and no trace of 
a digestive system, quite unlike the flukes which feed actively on the 
tissues of their host and do their own digesting. The tapeworm lives 
in the intestine of its host where digested food is readily available and 
it diffuses through the body wall to the interior, but how is not exactly 

* known. As the scolex is deeply embedded in the intestinal wall it seems 
some fluid from host tissues is absorbed by it. Some authors (Chandler ) 
believe that the worms obtain their sugar supply from the digested tood 
of the host but they get their proteins and vitamins from the living tissue 
of the host by exuding digestive enzymes which dissolve away the cells. 
These results were obtained by studying a tapeworm ( Hymeno/epit 
dimhiuta) found in rats. The infected rats were subjected to different 
diets and the effects on the parasites were estimated. W hen the host is 
starved of carbohydrates, the worms are small and stunted but if the rats 
arc deprived of protein, while they themselves lose weight, their parasites 
remain healthy. The food reserve of tapeworms chiefly consists of 
glycogen and to a less extent various lipoid substances. Glyccgcn is the 
chief source of energy and is used to complete respiration as will be seen 
below. 

Nervous System. The nervous system is like that of a turbel- 
larian or a fluke but less well developed. It generally consists of two 
longitudinal nerves running along the lateral margins of the body. In 
some cases additional longitudinal cords are also present. The main 
- lateral longitudinal nerves continue in the scolex and there swell into a 
pair of ganglia transversely connected by a thick cross commissure. 

* Besides being connected in the transverse axis they are also connected 
by a ring. The whole structure, thus, forms a brain complex from 
which nerves pass in front and sideways. The longitudinal nerves are 
connected by transverse commissures which in some cases are broken up 
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Fig. 176. Transverse section (diagrammatic) of a progloitfs of a tapeworm, 
into a network. The nervous system is located in the parenchyma just 
inside the mesenchymal muscle layer. Special sense organs are lacking, 
the body surface and organs of the scolcx arc richly supplied with 
free sensory nerve endings. 

Excretory System. The excretory system consists of two longi¬ 
tudinal excretory canals on each side running parallel to the nerve 
cords. Of the two one is ventral and larger and the other is dorsal and 
narrower. In the posterior part of each proglottis the ventral canals 
(seldom the dorsal canals) arc connected by a transverse canal. Besides 
this the ventral canals run throughout the whole length of the body 
whereas the dorsal ones disappear in the more posterior part of the 
body where ripe proglottides arc found. In the young worms in which 
anv proglottides arc not shed the excretory canals in the last segment 
terminate in a median pulsatile excretory bladder, the caudal vesicle, 
which opens to the exterior by a single pore. After this segment has 
been shed the bladder is lost and the broken ends of the excretory canals 
serve as pores. In the scolcx the longitudinal canals break up into a 
network of delicate tubules through which both arc connected. From 
the main trunks arise numerous branches which further divide into finer 
branches that eventually terminate in flame-cells. 

Respiratory System. The tapeworm, like the flukes, live in an 
environment whose oxygen content is very low, so that it cannot respire 
like other animals. The worm consumes oxygen when this is available, 
in the surrounding. This is a true oxidative metabolism which is generally 
higher in the anterior part of the worm, less in mature and the least m 
ripe proglottides. But the main respiratory process of tapeworms is 
anoxybiotic in which glycogen is utilized as the source of energy and 
carbon dioxide and organic acids arc released. This process continues 
whether oxygen is present or absent in the surrounding medium. 

Reproductive System. The cestodes are hermaphroditic (except 
the taenioid genus Dioecotes/ns). The reproductive organs lie embedded 
in the parenchvma and develop progressively from anterior to posterior 
end of the strobila. As the male organs develop first the anterior seg- 


PHYLUM 


PLATYHELMINTHES 


2 3 y 


ments contain only the male generative organs,further P os ' er \ or '> occ “ r 
mature proglottides containing fully developed organs of both sexes 
and finalh- the rear part of the body contains r.pc or gravid proglot 
tides occupied by the uterus full of capsules or embrj os (Fig. 17} A). 

The testes (Fig. 174) arc numerous small rounded bodies lying 
scattered throughout the parenchyma more toward *^ e dors *' s ^ c . an< ' 
connected by fine tubules with a single large convoluted sperm duct 
the end of which is modified to form a muscular body, the cirrus sac. 
Inside the cirrus sac the terminal part of the sperm duct is djstmguish- 
ed to be made up of a proximal non cvers.ble portion, the ejaculatory 
duct that is often coiled and a distal eversible portion, he cirrus, 
which is often armed with hooks and spines, etc. The ejaculatory duct 
is sometimes enlarged to form a seminal vesicle. Likewise the sperm 
duct mav also be enlarged before entering the cirrus sac forming what 
iscalled^the externa, seminal vesicle. The cirrus; sac opens m the 
genital chamber which opens to the outside through a genital pore. 

The ovary is a single bilobed structure lying towards the posterior 
side of the proglottis (Fig. > 74 ) approximated to the ventral surface. 
Both the lobes of the ovary arc almost equal in size and connected by 
a narrow bridge. The oviduct is a short tubular structure that springs 
from the bridge. The oviduct is joined by the vitelline duct and from 
the point of junction a narrow tube, the vagina, runs obliquely forward 
to open at the genital pore. The inner portion of the vagina is slightly 
enlarged forming the seminal receptacle, that receives the sperms dur¬ 
ing copulation. From the base of the oviduct arises a blind sac and 
passes towards the anterior end. This is the uterus, a simple tube in 
younger proglottides but become branched in more mature proglot¬ 
tides. It is interesting to note that in some primitive tapeworms this 
also opens to the exterior corresponding to the duct termed vagina (or 
right and left vaginae) in the monogenetic trematodes. At the junction 
of the vagina, the uterus and vitelline duct the oviduct widens to 
form the ootype, surrounded by shell glands. In the present case 
however, the shell glands arc reduced very much forming a small 
mass surrounding the ootype. The vitelline gland m this case is a 
reduced median structure lying near and posterior to the ovary. The 
narrow vitelline duct arises from the gland and opens into the oviduct. 
As the uterus lacks an aperture and consequently the embryos arc 
released bv the disintegration of the proglottis. 


u 


Fertilization. The common method of fertilization is probably 
self-fertilization by the eversion of the cirrus into the vagina of the same 
proglottis. Sometimes cross-fertilization can take place between the pro¬ 
glottides of different worms when two or more are present in the same 
host. Sometimes one section of the worm (anterior) folds back and 
inseminates the more matured proglottides of the posterior section. 

Life-cycle. The fertilized eggs become surrounded by firm chiti- 
nous shells probably secreted by the shell-gland, and then pass on to- 
the uterus In the uterus the development begins and the n rst division. 
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Fig. 177. Siagci in ihc development of Totnieo slium. 

separates a large yolk Filled vitelline cell from the embryonic cell. 
The embryonic cell unde-goes Fuither divisions forming a ball of cells, 
the morula, which consists of cells of different sizes and nature. There 
are two or three large cells, macromercs, three or more mcsomcrcs 
and a number of small cells, micromcrcs. The macromercs contain 
the yolk droplets and soon fuse to form a syncytium that surrounds 
the other blastomcrcs as the outer cmbyronic membrane of 
nutritive nature. After further cleavage the mcsomcrcs form the 
inner embryonic membrane which ultimately hardens to a thick 
cuticularizcd shell or embryophore. The inner mass of small cells 

(micromcrcs) develops into a small larva with three pairs of hooks 
(hence called hexacanth), which along with the membranes is termed 
onchosphcrc (Fig. 178). These developments arc completed in the 
uterus of the terminal proglottides which when shed arc full of 
onchosphercs. A gravid or mature proglottis ready to fall off may 
contain 50.000—40.000 onchosphercs protected bv shells. Bv this the 
capsule and the outer embryonic membrane may be lost and the 
onchosphcrc is enclosed only in the thick striated shell formed from 
the inner membrane. Further development of the onchosphcrc is possi¬ 
ble only if it is eaten by an appropriate host, which for the pork tape¬ 
worm is the pig. 

Swallowed bv the pig the onchosphercs reach the stomach 
where the ca^'ulc and the embryonic membrane is digested and the 


PHYLUM PLATYHELMINTHES 


INVAGINATION 




■SUCKER 


HOOKS 


SUCKER 



hexacanth is released. It bores its way rapidly through the walls 
of the gut and enters the blood stream and on reaching some tissue it 
become encysted. Encystmcnt takes place preferably in the muscles, 
frequently in the muscles of the tongue, though other places such 
as the liver and spleen, etc., may also be infected. The parasite 
here gradually develops into the second larval stage, the bladder-worm 
or cysticercus. A central cavity appeirs in the onchospherc and enlarges 
until a fluid-filled vesicles is formed. The wall of the vesicle thickens 

at one point and invagin- 
atcs * nto v csiclc as a 
/A 0 }) / ( (p\\\ 0 hollow knob (Fig. 178C) 

ffii'i/ I \ NS*- that eventually develops 

A fft j&-<nr*FQ into a scolex with its 

HEXACANTH adhesive organs facing 

the cavity of invagina- 
rostral tion. This is the evsti- 

H00 * S cercus larva or bladder- 
worm with invaginated 
or introverted scolex and 
c a fluid filled vesicle devoid 
of tail. Such bladders 
K\ nccar in the musculiturc, 
/fil\ liver and other organs 

of the host and may attain 
^ a considerably large size. 

/'/Sj The number of bladder- 

/Aff VwA 1 A worms varies with infec- 

fui a £ % igSv\ \7 r tion » in heavy infections 

4 fcy Mv y./ fci r there mav be 3000 in one 

C AJ l* pound of pork (Brails 

INVAGINATION DEEPENS food). They take four 

r feZ months to develop from 

the onchospherc, and 
^ they remain alive but 

quiescent for some years. 

, The bladder-worm 

BLAUUt doCS not gfow f urthej . 

Fig. 1-8. Futthcr stages in the development of unless it reaches the gut 

T«niSfrita. , . of the primary host man 

in this case. If they arc eaten by a hum*n, they are immediately 
aroused to activity. On reaching the gut, with insufficiently cooked 
pork, the scolex emerges and attaches to the intestinal wall, the 
bladder is dissolved, and an area of proliferation is developed that 
begins to produce new proglottides. 

Asexual Multiplication and Regeneration. Generally speaking 
the tapeworm cycle lacks asexual multiplication. But some notable 
cases of this have been reported. Larvae of a rare human tapeworm 
Sparganur* prolifer from Japan are slender, unsegmented worm-like 


scolex 


INVAGINATION DEEPENS 

G 


NECK BUDDING Off 
PROGLOTTIDES 
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individuals without scolex and reproduce asexually by giving off lateral! 
buds. Likewise some tacnioid larvae arc known to produce additional 
cysticercoids by both internal and external buddings. External budding 
is seen in the bladder of Cjsfinreus lonojcol/is of rats (larval stage of 
Taenia erassiceps of dogs). Numerous cysticcrci are produced thus, 
that detach and bud themselves in the same manner. In internal budding 
the inner surface of the bladder puts out buds into the cavity that develop 
into cystccercoids. This occurs in the larval stage of a taenioid tape¬ 
worm ot birds called Paricterotaenia nilotica . 

Power of regeneration has also been studied by various workers 
and it is concluded that the scolex and neck region of tapeworms can 
regenerate the strobila. 

Host-Parasite Relationship. The adult Taenia solium seems to 
have a high degree of host specificity. It is found only in one species, 
/>., man. The bladder worm stage on the other hand occurs not only 
in pig but in man, monkeys, camels and dogs. The infection of bladder- 
worm in man is called cysticcrcosis and medically the infection 
with the larva is much more serious than with the adult as the larvae 
may settle down in any part of the body and cannot be removed 
except surgically. It is very interesting to know that the bladder-worm 
is not treated as most foreign bodies arc treated by the host—it is not 
attacked or destroyed by phagocytes. Perhaps it has some kind of 
chemical defence. 


Dc Waele has made interesting investigation of the susceptibility of 
various stages of the tapeworm to digestion. The adult worm, which 
is completely resistant to the alkaline juice of the intestine in which it 
lives, will be digested if exposed to both acid and alkaline digestive juices, 
successively, and the same is true of the onchospherc. Now the environ¬ 
ment in which the worm lives contains cnzvmes which arc able to digest 
the proteins, carbohydrates and fats of which the worm is made, but 
how the worms protect themselves against this hostile environment is 
not clearly understood. Some early experiments seemed to indicate 
that they secrete anti-enzymes, but new evidence is contradictory. 
Again both the onchospherc and the bladderworm have to pass through 
the acid stomach and arc then subjected to alkaline intestinal juices, but 
in each case the important parts of the parasites arc protected against 
the stomach juice. The onchospherc is protected by its egg shell which 
is digested away in the intestine, while the bladder worm has the head ot 
the future tapeworm safely tucked within the bladder, and the bladder 
like the egg shell, is digested away in the intestine after it has protected 
the head from the gastric juice. It is evident from this that the relation 
between host and parasite is clearly one involving the most intricate 
biochemical adaptations. 

Another interesting problem is what limits the growth develop¬ 
ment of the larvae within the larval host. The larvae do not attain 
sexual maturin' unless they arc transferred to the definitive host of the 
adult Certainly the substances or conditions essenual for maturation 
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arc provided by the adult, but not the larval host. Symth working on 
a tapeworm which lives as larva in sticklebacks and as adult in the duck, 
was able to keep the larvae alive for some months in peptone broth. 
If this was kept at room temperature the larvae did not develop further, 
but if they were incubated at duck’s temperature (4o°C) they rapidly 
matured and produced eggs. In this case a change of temperature from 
that of a cold-blooded to a warm-blooded host seems all that is necessary 
to induce maturation, but other factors control the process in worms 
which live in warm-blooded animals, both as larva and adult. 

1 


" i 


Fig. 179. Life-cycle of beef tapeworm, Taenia saginata. 1, head attached to the 
wall of intestine ;'2, human intestine; 3, strobile of the adult tapeworm: 4. 
gravid segment passing out with faeces ; 5, hexacaoth larva in the gut of the cow 
<6) ; 7, blood vessel; 8, embryo in the blood-vessel ; 9, beef containing bladdci^worms 
<10); 11,-bladder-worm with inverted head ; 12, bladder with everted head. 

Pathology. Although the tapeworms are aggressive, grappling 
itself to their host’s gut wall with four strong muscular suckers and a 
circle of hooks, yet they are not medically very important in the adult 
condition, of course, they are feared very much. One or two tape¬ 
worms do not do much harm, but if they are present in large numbers 
they may cause physical obstruction. The taenias of man occur singly 
or occasionally two worms are present. Ten beef tapeworms. Taenia 
saginata, have been reported from a man from Syria. A man has been 
known to airry the same tapeworm for 55 years. . The life of the parasite 
,s usually limited by the death of the host. It is wrong to believe that 
deleterious effects of tapewonu are produced because they rob the host 
of his digested food. Itis the damage to the host’s intestinal walls done 
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by hooks and suckers that is harmful. It may cause inflammations 
that may produce serious complications. Further, it has been found 
that the tapeworms also release toxic substances that are responsible 
for the development of severe symptoms including pernicious anaemia. 
On the whole the worms prove more harmful to children and weak 
patients. The effects aie usually generalised and include nausea, abdo¬ 
minal pains, nervous disorders resembling epilepsy and anaemia accom¬ 
panied by an increa'e in the number of eosinophil white corpuscles. 
Some people arc hypersensiti\c to the worms and show various nutri¬ 
tional and nervous disturb ances. The bladder-worm stages on the other 
hand arc more harmful to the host. They may settle down in any part 
of the body and encyst. The cysts can only be removed surgically in 
some cases, that too, if their number is very small. Cysts may occur in 
the eye and may cause blindness. A cyst may occur in the brain and 
may give rise to serious nervous disorders. The bladder-worms die 
after five or six years and may become calcified. The bladder-worm of 
pork tapeworm is found not only in pig but in man also w hen they cause 
cysticcrcosis. The bladder worm of the beef-tapeworm has been 
reported from man only twice. The larval tapeworms may stimulate 
tumours in the tissues by their presence. The liver tissue around the 
cysticcrcus undergoes inflammation and necrosis, and the eventual result 
is a malignant growth (sarcoma) composed of host connective tissue 
and endothelial linings of liver capillaries. 

Parasitism and the Parasite. In order to fit into the parasitic way _ 
of life the parasite undergoes several modifications. Such promi¬ 
nent features are given below: 

(i) The body has become simple, dorso-ventrally flattened, and 
divided into numerous segments. (//) The ciliated epidermis is re¬ 
placed, in the adult, bv thick cuticle, which is freely permeable to water. 
As the osmotic pressure of the parasite is in general lower than that of 
the surrounding host ti^uc or fluid, the worm can lose or pain water 
verv readilv if the'osmotic pressure of the medium is varied. (///) Speciaf 
organs of adhesion including hooks and suckers have developed but 
these arc restricted to the anterior end of the body, (ip) Mouth and 
digestive tract are absent, the food is absorbed through the entire surface 
of the bodv. (v) Definite respiratory organs arc lacking and the animal 
respires anaerobically (see page 252). (pi) Organs of special en.c 
are lacking. (pH) The reproductive organs have become higni> 
specialised and life-cycle complicated necessitating the acquisition 
of an intermediate host. 

Control. The control of the infection of the pork or beef.lapcworms 
is easv Efficient disposal of human excrement, so that pips cannot p 
at it removes the parasite a, the eye stape. The second effectiver measure 
is to'cook pork or beef thorouphly so as to .Icstroy .hc cysts if ptc n^ 
before eating. Some people prefer slightly under choked beet. 
beef tapeworm is now commoner than the other. In Abvssin' P 
cally all the natives have beef-tapeworms, and their cont 'ol has U 

a part of their daily life. They set aside a day every three months on 
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which they take an infusion of konsso flowers which is a powerful 
vermicide. 

The worm is stubborn resisting attempts to get rid of it. Drugs 
will successively paralyse the main body so that it breaks up and is dis¬ 
charged from the host’s gut with faeces, but the head and neck are dis¬ 
lodged with great difficulty and remain attached to grow the new body 
inch by inch. Several drugs are used as treatment but the most effective 
is Acramil which should be taken orally or by means of a duodenal 
tube as directed by the physician. 


CLASSIFICATION 


Systematic accounts of the Cestoda (Latin ffj/us, a giidle) aic 
of a comparatively recent date, but have teen subject to the. usual 
disputes and disagreements. The class Cestoda 1 was formerly 
divided into two subclasses; Monozoa including all unsegmented tape¬ 
worms and Mcroza including the segmented worms. Now, however, it 
has been found out that some of the unsegmented tapeworms arc more 
closely related to the segmented worms and should be placed with them; 
thus the class cannot be divided only on the presence Or absence of 
segments (proglottides). The class is now divided into a subclass Cesto- 
daria including worms having a 10-hookcd larva, and another subclass 
Eucestoda including worms having a 6-hookcd larva. Further classi¬ 
fication of Ccstodaria does not present difficulties but that of Eucestoda 
js controversial. Four chief orders of Eucestoda arc universally 
recognized. They arc CyclophyllHca (Tacnioidca), Pseudophyllidea,. 
Trypanorhyncha and Tctraphyllidca. These orders arc differentiated 
in a general way on the characters of the scolcx. The present work 
follows mainly the classification of Southwell (Fauna of British India, 
1930) adding to it one new order including his genus Eebinobofbrium of 
uncertain systematic position recognized since his publication. 

Subclass Cestodaria (Monozoa) The Cestoda whose bodies do 1 
not form proglottides and whose larvae are 10-hookcd. This is a 
small group of worms inhabiting the coelom and intestine of lower 
fishes. The subclass is divided into two orders: Amphilinidea and 
Gyrocotylidca. 


Order 1. Amphilinidea. Body flattened, oval, usually elongate 
and tape-likc ranging from a few to 30 to 40 cm. A definite scolcx is 
lacking and on the other hand a protrusible proboscis is present which is 
poorly developed in the genus AmphUina (fig. 181). The cuticle is thin 
and delicate without quticular spines and hooks. The excretory System 
takes the form of a peripheral network of vessels opening at the rear end 
by way of a small excretory bladder. Flame-cells are peculiar each cell 
enclosing a rosette-like cluster of 18-30 flame-bulbs. The numerous 
testes are strewn throughout the whole body (AmphUina) or in two stripes 

■„ Rudolphi 
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one alone each lateral margin ( Gephyrolina ). The common sperm duct 
is provided with a muscular propulsion region and receives ducts from 
prostatic glands. It opens at the posterior end of the worm in some 
forms, through a penis papilla. Ovary is single or lobed in the rear part 
of the worm. The oviduct becomes the uterus, after receiving the 
vagina, and the common yolk duct, and traverses the body three 
times after the manner of three limbs of the letter N and finally opens at 




Fig. 180 . GyrocoiyU (from Prasad and 
Varma redrawn after Hyman). 1, proboscis; 
2 , male pore ; 3 , female pore ; 4 , uterine pore , 
5 , ruffle; 6, rosette. 


Fig- 181 . Amphilina (from Prasad and Varma, after Hein), 
brain ; 3 . lateral nerve cord ; 4 . proboscis retractor ; 5 . yolk: glands. 6. t • y*, 
parts of uterus; 8, ovary ; 9 , seminal receptacle: 10 , yd-* ducts, U, P P 
vesicle ; 12 , vagina ; 13 , female pore ; 14 , male pore. 

the anterior tip alongside the proboscis. Thus it is apparent that the 
uterine and vaginal pores are situated at opposite ends of the body. 

This order includes six genera of which the most common W 
Amphilina having strewn testes, single lateral vaginal opening 
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a seminal receptacle is wanting. It is a parasite in the coelom of 
the sturgeon, Acipenser. Other genera include Austramphilina in the 
coelom of bony fishes and fresh-water turtles; GigantoJina , Nesoleci/bus t 
'Gepbyrolina ana Scbi\ocboerus. 

Order 2. Gyrocotylidea. Body elongate, flattened with gene¬ 
rally ruffled body margins and having a ruff, the rosette, at the posterior 
end surrounding a funnel-shaped depression. The worms are attached 
to the host by the rosette end. The pointed anterior end bears a large 
opening that leads into a muscular proboscis. The cuticle is thick and 
spines are present around the anterior end, also just anterior to the rosette 
and elsewhere on the body. The worms have a highly muscular build 
because of well-developed mesenchymal musculature. The excretory sys¬ 
tem consists of a net-work of partly ciliated vessels to which are attached 
ordinary flame-cells. The nephridiopore is anterior. The reproductive 
system lies buried in the inner layer of musculature except the yolk glands. 
Testes arc numerous, scattered and the sperm duct forms a spermiducal 
vesicle that opens laterally near the anterior end on the ventral surface. 
The ovary consists of numerous bilaterally arranged follicles in the rear 
part of the body. From the follicles arise small ductules that join to 
form oviduct which becomes uterus, after receiving the duct of 
the large seminal receptacle and common yolk duct, proceeds anteriorly 
and opens in the mid-dorsal line shortly behind the proboscis. The 
vagina extends from the seminal receptacle to the anterior end where 
( it opens dorsally and laterally near the male pore. 

The order is represented by one genus Gyrocotyle (Fig. 180) having 
several species parasitic in the intestine of chimaeroid fishes. 

Subclass E ucestoda (Merozoa). The Cestoda whose body is 
usually very long and ribbon-like divided into a few to many 
segments, but sometimes undivided. The anterior end of the body 
has a scolcx furnished with organs of fixation such as hooks or suckers. 
They are generally provided with more than one set of reproductive 
organs and the larva is 6-hooked. Further subdivisions of Eucestoda 
depend upon the shape of the scolcx. 

Order 1. Tetraphyllidea or Phyllobothrioidea. Segmented 
tapeworms with an armed or unarmed scolex bearing four bothridia 
often subdivided with septa. The bothridia may be sessile or pedun¬ 
culated. One or more small accessory suckers may also be present. The 
head may also bear a terminal sucker; neck present or absent and the stro- 
bila definitely segmented. Segments are usually shed before they are ripe 
in which case they ripen and become gravid in the intestine of the host. 
The members of this group are parasitic in the intestine of elasmobranch 
■fishes. They are mostly small in size not exceeding 10 cm. in length, 
with not more than a few hundred proglottides. A typical onchosphere 
larva occurs in the capsules either before or after they have been laid 
in sea water. The onchosphere larva enters a copepod and develops into 
16 
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a larva plcroccrcoid in which condition it lives in the copepod till it is 
eaten by the primary host in which it develops into the adult. Important 
genera include PhyUobotbrium , parasitic on elasmobranch fishes, reptiles 
and mammals, Ecbinobotbrium with 4 grooved bothridia looking like 
the sucker of Ecber.eis , Anthobothrium (Fig. 182 B) with simple bothridia, 
Mj^opbyllobotbriuni (Fig. 182 A) and Oncbobothrium , etc. 

Order 2. Lecaniccphaloidea. Segmented tapeworms with 
scolcx bearing four suckers like those of tacnioids. Genital organs 
arranged as in the previous order. As the reproductive organs of these 



f “• Fig. 182. Tetraphyllidea. A, Myzophjllobothrwm. 1. fucker ; 2, myzorhyn- 
Chus ; 3, bothridia ; 4. excretory canal ; It. Anlhobolhrium (from lrasad and Varma 
■ after Hyman). 1, bothridium ; 2. head sulk. 

arc identically similar to those of tctraphyllid worms this group was 
included in that order (Tetraphyllidea). But the characters of scolcx 
arc very different as such they arc considered as separate order here. 
They arc relatively small tapeworms inhabiting the intestine of clasmo- 
branch fishes. Important genera include Lecamupbalum (Fig. 183), 
Tyloccpbalum ; Cephalobotbrium , Pohpoupbalus , etc. 

Order x. Protcoccphaloidca. Segmented tapeworms with scolcx 

unarmed or armed with minute spines and 
with four sessile suckers devoid of areolae 
or accessory suckers. An apical organ in 
the form of a sucker is frequently present 
and occasionally a muscular distinct rostcl- 
lurn (in genus Gangrsia). Strobila varying 
from a few millimetres to over 60 centi¬ 
metres long. The testes arc dorsal evenly 
distributed or disposed in more or less 
definite lateral fields, the bilobed ovary is 
posterior and the follicular yolk glands 
form lateral bands. Uterus is with lateral 
diverticula and one or more median ventral 
Fic. 18 k Lteonitepholunt ut crinc openings. Yolk glands, testes, ovary 
(after Linton). 1 . upper pari anJ utCfus US ually with the inner longitu- 
oUcolexi 2, suck* r; 3 . ^ mu$dc $hcalh faut in ccrtain genera. 
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one or more of these organs may be situated in the cortex. The creation 
of this order is also controversial as in most older works it is simply 
described as family of the order Tetraphyllidea. The protcoccphaloid 
tapeworms are parasites in the intestines of fresh water fish, amphibians 
and reptiles. Important genera include Proteocepbalus , Ganqesia , Opbiotac- 
nia , Corallobothriiiniy Untoni'lla. Life cycle is as in the bothnocepha- 
loids. The onchosphcre is swallowed by the copepod \ Cyclops, in which 
it develops to plerocercoid stages. The parasitised Cyclops is eaten by 
the definite host that gets infected finally. 

Order 4. Diphyllidca. Segmented tapeworms with scolcx pro- 



Fig. 184. Echinobolhrium (after Fig. 185. Telrorhynchui mathrri 

Soulhwell, from Fauna of British (after Southwell). I, proboscides; 

India). 1. rostellum; 2, rostellar spines; 2. bothria ; 3, proboscis sheath : 4. 

.3, bothria ; 4, head stalk with spines. proboscis bulb. 

vided with only two suckers. The worms possess not more than 20 
segments and the long neck is armed with spines (Fig. 184). This order 
contains a single genus, Ecbinobotbrium , the scolex of which contains 
a powerful muscular rostellum armed with dorsal and ventral groups 
of large hooks, and several rows of small hooks and bears four suckers 
fused in pairs forming apparently two. Gonopore lies in the mid-ventral 
line in the posterior part. The testes arc a few, relatively large and 
occupy the anterior half of the proglottis. Bilobed ovary lies i’n the 
rear part of the proglottis. The follicular yolk-glands occur as lateral 
strands and the young uterus is a median tube that later expands to a sac 
without opening. The larva (a cysticercoid) is found in the prawn 
Hippoljte and the adult is found in the spiral intestine of selachians 
and other elasmobranchs. 

Ord« 5. Tetrarhynchoidea or Trypanorhyncha. Segmented 
tapeworms with scolex provided with four suckers, each armed with 
a long spiniferous retractile process or proboscide. Small to moderate 
in size ranging from a few to 100 millimetres; segmentation is complete. 
Single set of genitalia present in each segment except in the 
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Fig. 186 Carjophylloeus mulatnlu 
(after M. Schultz). I, scolex; 2, 
testes ; 3, yolk glands ; 4, sperm 
duct; 5, cirrus sac ; 6, gonopore ; 
7, vagina ; 8, uterus; 9, ovary. 


Fig. 187. Arehigtlts. 1, both- 
rium ; 2. testes ; 3, yolk glands ; 4, 
seminal vesicle ; 5, cirrus-sac ; 6, 
common gonopore ; 7. uterus ; 8, 
ovary. 


Dibothriorhyncbus (=-- Cocnomorphus) which has a double set of genitalia. 
The plan of reproductive system resembles that of tctraphyllids except 
that the vagina and sperm duct do not cross and the yolk glands usually 
encircle other reproductive organs. Adults parasitize clasmobranch 
fishes and occasionally teleosts. The genus Hbplobothnum occurs m 
the ganoid fish Amia calva. Larvae occur m teleosts, reptiles and 
invertebrates. 
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Fig. 184. EiUwwu gamrfMM. A. entire f ”™ 
log (alter Southwell); B. scheme of a hydatid cyst 
after Hyman). 1. lamellated cyst wall 1 if*™'"" 1 ** 
aver • 3-7, stages in development of seolices , 8. coos 
notion to form daughter cyst; 9-12 
line of daughter cysts in the interior ; Id. isolated 
colices free in cyst fluid ; 14 - 1 6 , iri budd ing 

>f an exogenous daughter c>«; 17. rosiellum , 18. 
uckere • 19, testes ; 20. cimis sac ; 21. young uterus ; 

!2, ovary J 2?, shillgland ; 24. yolk gland ; ?5. v.g.na A * 

16, ripe uterus. 

Important genera include Tetrarbyncbus , (=TentacuIaria), (Fig. 185), 
wmorbynebus , Grillotia^ Dibothriorbyncbus , Aporbynchus , Haplobothrium , 
Life-cycle is not fully described. 

Order 6. Pscudopliyllidea or Dibothriocephaloidea. Scgmcnt- 
d or unsegmented tapeworms with a scolex provided with two to 
ix shallow bothria or sometimes without adhesive organs. The 
•othria may assume various forms (tubular, flask-shaped, etc.) by the 
usion of their edges or they may be replaced by a pseudoscolcx, i.e . 9 
he scolex may degenerate and the anterior part of the strobila may 
unction as scolex. Sometimes a terminal sucker may be present. 
The strobila is without segmentation or monozoic ( Caryophyllaeus ) 
>r segmented. In some cases the segmentation may be indistinct 
Triaenopborus). One set of reproductive organs in each proglottis, 
jut two sets are present in some ( Diplozonoporm ). Genital pores 
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marginal or superficial (/.<•., on the flat side). Yolk glands usually in 
the cortex, scattered, not condensed into a single gland. Testes 
situated either in the cortex or medulla. Uterus persistent, usually a 
coiled tube, but may form a simple or lobulated sac in whole or in 
part. The uterine pore almost always superficial in ventral surface. 
The position of the vagina and cirrus sac is varied. Openings of the 
vagina and vas deferens may be close to that of the uterus, or on the 
opposite side or along the lateral margin. Eggs which may or may 
not be operculated are passed whilst the segments arc still attached to 
the strobila. Onchosphcrc frequently with a ciliated covering (and called 
coracidium). Development, where known, results into a precercoid 
in the body cavity of Entomostraca succeeded by a pleroccrcoid in 
telcosts. The pleroccrcoid of Carjophyllaeus and Archigptes develops 
gonads paedogenctically so that there is no adult stage. Generally larva 
inhabits crustaceans and the adult is found in mammals, birds, reptiles 
and fishes. 

Important genera include A»ipbicot\le t Eubofbrinw , V,n ihriocephallus t 
Cyatbocepbalns , Spatbebothriion , Caryopbyflatus, (Fig. 186) Lignla, Dipbyl- 
lobotbriton , Arebicftes (Fig. 187), Scbisforcpbuhtf , etc. 

Order 7. Cyclophyllidea or Tacnioidca. Segmented tapeworms 
with a soldi rounded, pvriform or davate srolex bcarin? four cup-shaped 
suckers (acctabula) also often provided with an apical rostcllum with a 
crown of hooks. Snvdl to moderate in length from 1 to 3 mm. up to 
10 to jo cm., b it some forms attun a length of 10 metres being made up 
of 1070 or more proglottides. The suckers are sometimes wanting 
(Prhpocepb’hs) and sometimes even the rostcllum is absent (Taenia 
iJ/.).' The n.-ck is short or long. The strob.lais strongly flattened. 
Mostly h.rmiphroJilc onlv genus DiohohsIiis is dioecious. Reproduc¬ 
tive system is that of T.-v/^pa-e 25a) Members of this croup arc para¬ 
sites of birds and mammals seldom occurring in reptiles. 

Important --onera include: TttraUthrium, Daramta, Anoploopbala, 
l'rololafnia. Thys.wosoma, MttteeilMei, Di/tpis., Dipylidium , A imototamia, 
Hymeno/epis, Taenia, Ethinoeccini (Fig. 188). c!c - 

REVIEW QUESTIONS t ,. , 

1. Give an account ofil.c life-history of any (latworm you have studied 

(A ' ld ' 2 52 Dcictibe the life-history ofthe liver fluke and discuss its economic impor- 

' a " C *^ AS D^ 7 r ibe'ili 4 repr 0 ductive system of the liver-fluke and compare it svith that 

of T °'t' VVb” h adaptation I Explain it with tcfcrence to the structure and life- 

lusiors^ o! .te'neddiajraniioftraimeoe section through (a) Tauida lapatia. (W 

mature segtnem oJT a e*«.(0 Am*. Indicate chiefly the points of dtfTcrenees to the 

^“'““''Nametme helminths that are knojvn -lo be parasites of human beings. 

of she liver-fluke. 

( .\11 J . 0 18 ivJSfa adaptation ! Explain it with reference to the life-history of Taenia 

,/ ' B, “9 16) Compa,e the general plan of ^ 

your opinion, is more suite to parastttc mode of life (Agra ol). 
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Definition. The Nemerrina are elongated, vermiform acoelomate 
Bilatcria with an eversible proboscis lodged in a tubular sheath, the 
rhynchococl, situated dorsal to the digestive tract that is provided with 
an anus. A vascular system is present and gonads are simple. 

The position of the Ncrmcrtina is difficult to settle. They were 
described with the Platyhelminthcs formerly because of the character 
of the integument and nervous system, the presence of flame-cells and 
the lack of coelom and external segmentation, but they have now been 
separated and raised to the status of an independent phylum because 
of the presence of a complete digestive tract with an anus, and of a vas¬ 
cular system and the higher organisation of the organs and tissues in 
general. They also show some characters found in the hemichordates 
and ebordates. Among these are the 
ncmertincan dorsal nerve resembling the 
vertebrate spinal cord, the lateral nerves 
f placed as the lateral line nerves of fishes, 
the cephalic ganglia like the brain of ver¬ 
tebrates, the transverse nerves simulating 
the spinal nerves and the proboscis sheath 
suggesting the notochord. 

General Characters. The Kemcrtina, 
commonly known as the ribbonworms or 
ncmertines, are common along sca-shores 
under stones and among sea-weeds, a few 
live in fresh water (genus Prostoma) and 
<lamp soil ( Geonemer/es ). Their elongated 
bodies range in length from less than an 
inch to many feet, and in colour they are 
white or yellowish but some are often red, 
orange or green with contrasting patterns 
of stripes and bars. The body may be 
cylindrical or more or less flattened. The body is covered with a 
ciliated coat. They are bilaterally symmetrical and the anterior end is 
more or less marked off as a head and bears numerous simple eyes and 
sensory cells. The most distinctive character is the proboscis, a long 
muscular tube which can be thrown out to catch prey. This is free in 

• 1 Various names have been given to this group of animals. Most of them, 
derived irom Cuvier’s famines, are Nemertea, Nemertinea, Nemertini. Some people 
prefer the name Rhynchocoela after Schultze, the zoologist who first underetood the 
«roup. 
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a cavity, the rhynchocoel, situated above the digestive tract in the mid¬ 
dorsal line. The posterior end of 
the proboscis is attached to the wall 
of the rhynchocoel by a retractor 
muscle. The mouth is situated vent- 
rally near the anterior end. In some 
cases a separate mouth is absent, 
the alimentary canal opens by the 
proboscis pore. The alimentary canal 
is often distinguished into several 
regions and the intestine frequently 
bears paired lateral diverticula. The 
alimentary canal opens to the outside 
by an anus. There arc many pairs 
of excretory tubules provided with 
terminal name-cells. A circulatory 
system is also present. It consists 
of a pair of lateral vessels and many 
forms are provided with an addi¬ 
tional unpaired dorsal vessel. The 
nervous system comprises a well- 
differentiated brain from which arise 
a pair of main lateral nerves. The 
gonads arc simple sac-like structures 
opening directly to the exterior and 
complicated copulatory organs are 
mostly absent. The development in 
some cases includes a free swimming 
larva, the pilidium. The ncmcrtincs 
arc acoelomatc, that is all the space 
between the digestive tract and the 
body wall is filled with parenevhma and muscle fibres. Theirs 
is a small group comprising about 550 known species. They arc 
the least known animals as they are not usually seen by visitors to the 
sea coast, nor they have any economic or medical importance. Some 
forms arc commensal. Ma/acobdel/a , for instance, lives in the mantle 
cavities of bivalve molluscs and Carcinonemeries among the gills or egg- 
masses of certain crabs. 

Body Wall. The outer covering of the body consists of 
ciliated columnar epithelium which contains numerous gland cells. This 
layer is called the epidermis. The ciliated columnar cells are broader 
towards the outer side and narrower towards the inner side. The gland 
cells are scattered irregularly between the narrower portions of the 
ciliated cells. Besides the unicellular gland manv nemertines have 
clusters of gland cells opening at the surface by a common duct, these 
arc known as the packet glands. The packet glands may be included 
within the epidermis as in the placoncmertines ( Tubn/anns , Fig. 190) tu* 
they may sink into the subcpidcrmal tissue as in the hcteroncmertines. 



Fj.» 190. Epidermis of Tuhlanus. 
1, epi lermal cell ; 2. packet gland ; 
3, scious gland cell ; 4. mucous 

gobl. t gland cell ; 5. interstitial 

syncuium ; 6, dermis (hyaline); 
7, circular muscle la>er 8. diagonal 
muscle la>er. 
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Beneath the epidermis, in some nemertmes, are found .luck musclar 
layers, an external circular and internal longitudinal. In °*er Jimertmes 
(heteronemertincs) on the other hand a more complicated structure is 
met with. Below the epidermis is a thin basscment membrane (appa¬ 
rently a form of connective tissue) "hi-*presents!> layer°f ^moger.eous 

hyaline tissue, and this layer is followed by a > blc V ay fi u ” Both 

ncctivc tissue containing some long.tud.nal muscle * br es ?lso Both 
these layers are called the derm.s or cut.s Below the cut.s lies the 
layer of body wall musculature consisting of smooth muscle fibres. The 
arrangement of its layers differs in different groups of nemertines. In 
some (palaeo- and hoplonemertines) there are usually two layers, an outer 
circular and an inner longitudinal 
layer between which frequently 
occur two thin layers of diagonal 
fibres, but in many palaeonemcr- 
tincs there is an additional circu¬ 
lar layer to the inside of the lon¬ 
gitudinal layer. This may be a 
continuous layer or only restrict¬ 
ed to the anterior region. In the 
heteroncmcrtines the body wall 
musculature is three layered con¬ 
sisting of an outer longitudinal, 
middle circular and an inner longi¬ 
tudinal layer. Diagonal fibres may 
be present between the first two. 



Fig. 191. Transverse section of the 

body of a palaeoneincninian. 1, probos¬ 
cis ; 2, ovary ; 3. cilia ; 4, blood vessel ; 
5, gut ; 6, longitudinal muscles ; 7. cir¬ 

cular muscles; 8, nerve cord ; 9, mesen¬ 
chyme. 


Movement. The majority of the ncmcrtincs glide along the 
substratum in the manner of Turbellaria. It has been experimentally 
proved that the cilia are responsible for locomotion. The worm 
secrets a slimy track along which it moves rather slowly. The move¬ 
ments of cilia arc directly controlled by the central nervous system 
through peripheral plexus. Some ncmcrtincs swim by the undulations 
of their flattened bodies. These movements arc brought about by the 
musculature of the body otherwise the musculature has nothing to do 
with locomotion that is exclusively ciliary responsibility. 


Proboscis. The proboscis (Fig. 192) is the most characteristic 
organ of the group. It is an elongated muscular tube lodged in 
the proboscis sheath. It is blind at its inner end and in length it may be 
two or more times the body length and is therefore more or less coiled 
within its sheath that may be shorter than the body. The proboscis 
may be unarmed blind tube or may be armed with stylets at the tip. The 
stylets are formed of hardened glandular secretions. The proboscis 
lies free in a tubular cavity, the rhynchocoel, to whose walls its posterior 
end is attached by a retractor muscle (absent in some such as Cerebratulus 
lacteus). The wall of the rhynchocoel is termed proboscis sheath.. 
The cavity is blind at both ends and contains a fluid in which float amoe¬ 
boid cells. The opening through which the proboscis emerges out is 
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known as the proboscis pore. Between the proboscis pore and the 
point where the proboscis begins there is a small tubular cavity, the 
rhynchodaeum. It is very short in some and absent in others (the 
Bdcllomorpha). 

Histologically the proboscis apparatus is similar to that of the 
body. The lining epithelium of the proboscis closely resembles the 



extci 
muscle* 


Pi*. 192. Structure of the probo»ci>. A proboci* withdrawn ; B, proboscis 
n-lc I. 1 six let; 2. probo»cis pore ; 3. mouth ; 4. intestine ; 5. probo.cis; 6, retractor 
cle* of probo.cis; 7, lir ins epithelium of rh>nchocoel ; 8. rh>nchococl. 


surface epidermis from which it is derived cmbryologicaily as an in¬ 
vagination. The muscle layers of the proboscis plus those of the pro¬ 
boscis sheath repeat the bodvwall musculature. The proboscis is shot 
out with explosive force through muscular contractions exerting pressure 
in the fluid <>f the rhynchocoel. As this is done the proboscis turns 
inside out (evens) and protrudes. Withdrawal of the proboscis is 
brought about bv the retractor muscle. In those cases where the retrac¬ 
tor is absent the withdrawal is brought about bv other muscles of the 
body The proboscis wraps round the prey and entangles it with the 
aid of sticky mucuous secretions. In those with the armed proboscis 
the stylet pierces the body of the prey and makes a wound into which is 
poured a poison from glands in the proboscis. 

Nervous System. The nervous system consists of a four-lobcd 
brain with two lobes, a dorsal and a ventral, on each side. The two 
dorsal ganglia are connected by a dorsal commissure, passing above 
the rhynchodaeum and the ventral ganglia arc connected by a 
ventral commissure beneath the rhynchodaeum. This forms a nerve 
ring surrounding the proboscis apparatus. From the ventra ganglia 
• rise two large lateral nerve Cords that proceed posteriorly in a lateral or 
vcntro-lateral position. In addition to the lateral cords a number of 
minor nerves, some ganglionatcd, arise from the anterior faces of the 
cerebral ganglia. These are cephalic nerves. In some cases a m d- 
dorsal nerve arises from the dorsal commissure and runs along the 
length of the bodv. This nerve may present ganglionic swellings at 
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regular intervals (Ftg. 193). The brain and the main cords are situated 


Fig. 193. Nervous system. Anterior 
«nJ of a nemertine. 1. proboscis pore; 

2, anterior nerves ; 3, probo>cis sheath ; 

4, vascular ring or collar; 5.dorsal commis¬ 
sure ; 6, dorsal ganglion ; 7, ventral com¬ 
missure ; 8, ventral ganglion ; 9, dorsal me¬ 
dian nerve ; 10, lateral nerve cord; 11, 
dorsal vessel; 12, lateral vessel (modified 
t from Mcintosh ; from Parker and Has- 
NVCll). 

in the epidermic (Carinina) or in the dermis (T/tbu/anus and most other 
palaconemcrtincs), in the body wall musculature ( Linens ) or in the 
parenchyma internal to the body-wall musculature (hoploncmertines). 

Sense Organs. Unlike the Platyhclminthcs sense organs arc found 
in the Nemcrtina. They comprise sensory nerve cells, sensory pits 
and eyes. The special organs of sense are mostly limited to the anterior 
part of the body but the sensory nerve cells arc found scattered in the 
epidermis of anterior and posterior ends. They arc slender cells each 
bearing a hair-like process on the outer side. They arc probably tactile 
in function. Sensory pits arc also found all over the body. Each such 
pit is a group of sensory nerve cells mixed with some supporting cells. 
In Tubulanus there is situated a special pit near the excretory pore, one 
-on each side. These arc known as the lateral organs and each consists 
of narrow epithelial cells below which lies nervous tissue. The whole 
structure is protrusible being provided by special muscles. 

Most of the nemertincs have eyes restricted to the anterior end 
of the body mostly to the region anterior to the brain. The number 
of eyes varies from two to six (Prostonu /) while others have several up to 
250 (. Ampbiporus , Zygonemertes). The eyes have the same structure as 
those of the platyhelminthes, consisting of pigment-cup ocelli of the 
inverted type and are nearly always found beneath the epidermis. In 
the hoplonemertine genus Ototypblonemertes statocysts (otolithic vesicles) 




Fig. 194. Cross-section ol 
ihe cerebral organ of a 
ncincncan (Zygtu/iolia, afier 
Tliomp>on). It is a peculiar 
organ of a glandular nervous 
nature It may be chemo- 
re«:ep!ive or endocrine in 
function 1 , canal ; 2, 
clusters of gland cells 3, 
ganglion cell. 
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arc also found. They are found on the ventral ganglia of the brain. 

There is a pair of the statocysts each consisting of 

_, a vesicle formed by non-ciliatcd epithelium the 

i interior of which contains a spherical or dumb- 

bell-shaped statolith. 

Jm The nemertines have a peculiar organ, the 

![• cerebral organ closely associated with the dorsal 
'III f ilm ganglia of the brain. They are a pair of inverted 

fjmf 6 epidermal canals whose inner end is surrounded 

firtflj by a mass of gland and nerve cells connected with 

mt the brain. They open directly on the body surface 

I 7 sometimes by way of grooves or pits. A water 

current is maintained in the canals and is intensi- 
jlWjj f 8 fied in the presence of food, it is, therefore, 

_ concluded to be of chcmorcceptive nature. Be- 

h n'f 9 cause it is a glandular-nervous mass closely rclat- 

I ed to the blood some authors have suggested an 

\ Vjv 5 I endocrine function of these organs. 

Digestive System. The mouth is ventral 
• W-Bf H j w and more or less terminal, only in some it is- 

posterior in position ( Proiepbalofbrix ). The ali- 
mfcMl mentary tract is a simple unmodified tube in 

'MraT 11 most cases (Tubrr/arws) but in some foreguf can 

be distinguished from the midgut or intestine ^ 
from which arise numerous lateral diverticula 
(Fig. 195). The posterior portion of the foregul 
is also provided with a single or a pair of lateral 
diverticula. The intestine opens to the exte- 
Fig. 195 . Digestive r j or bv the anus. Thr nemertines feed usually 
{,C tr::Z night on living or dead animals mainly anno- 
rubrum (after Hyman). lids, but also consume small molluscs, crus- 
1, proboscis pore ; 2. taccans and fish. 

umVAr^-t 0 ^ Circulatory System. The nemertines arc 

boscis ; b, proboscis »hc first animals that present a new organ system, 
sheath ; 8, rhyncho- t he circulatory system, which takes over the 
cocl -,9 inie«inal di* circuIator u function of the old gastrovascular 

ir^robi.cis ’retrac- cavity. This makes it possible for the intest.ne 
tor; 12. anus. to become more eflTicient digestive apparatus, 

and leave the distribution of food, oxygen and other such substances 
to this new system. The circulatory system is of the closed '>T. C a "‘ 
consists of three longitudinal contractile muscular tubes, the blood ves¬ 
sels (Fin. 196). These lie in the parenchyma one on cacn side ot h 
intestine and one just above it. The lateral vessels ' ^ 

each other both anteriorly and posteriorly by spaces lined In only deh«t 

membranes known respectively as cephalic lacuna and anal Iacu • 

The longitudinal vessels give off other lateral branches that open in 
a system of lacunae in the tissues. The blood is usually colourless con- 


Fig. 195. Digestive 
organs of a freshwater- 
nemenine, Prosloma 
rubrum (after Hyman). 

I, proboscis pore ; 2, 
e>es ; ‘3, rh>nchodae- 
ucn ; 4, brain ; 5, pro¬ 
boscis ; b. proboscis 
sheath ; 8. rhyncho- 
cocl ; 9, intestinal di¬ 
verticula ; 10 . stylet 

II. proboscis retrac¬ 
tor; 12. anus. 
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sisting of colourless fluid in which float oval nucleated blood corpuscles 
and some amoeboid lymphocytes here and 
there. In some cases the blood is red because 
the corpuscles contain haemoglobin, the pig¬ 
ment that combines readily with oxygen and 
makes blood an efficient oxygen carrier. The 
circulation of nemerteans is primitive in several 
important respects. There is no pumping 
organ or heart. The circulation is brought 
about by the general movement of the body 
aided by the contractile action of the blood 
vessels. Also the blood vessels are not finely 
branched, therefore, the digested food must 
pass to the interior by slow process of diffu¬ 
sion. 

Excretory and Respiratory Systems. The 
excretory organs consist of two lateral tubes, 
which lie close to the lateral vessels and open 
by a nephridiopore on each side. The tubules 
are restricted to the anterior region of the 
body, usually not extending back beyond the 
foregut. The tubes have a glandular ciliated and 
in most cases give off lateral branches which 
may rebranch and finally end in flame-cells. In 
' most palaconcmcrtines the tubules do not 

branch but a number of flame-cells arise directly “Lp'enem^ 

from them and press upon the lateral vessels. tine. 

Sometimes the wall of the blood vessel, where 

it is pressed by the flame-cells, disappears with the result that the flame- 
cells are directly bathed by the blood, but they do not open into it. 
The flame-cells of nemertines are often multicellular. No special res¬ 
piratory mechanism is found in the nemertines. Oxygen necessary for 
respiration diffuses through the general body surface. 

Reproductive System. Most of the Nemertina are dioecious 
but some hermaphroditic forms also occur (fresh-water and terrestrial 
hoploncmertines). The gonads are simple tubular or sac-like structures 
located between the diverticula of the intestine or in that region where 
diverticula are wanting. Each gonad opens on the dorso-latcral surface 
of the body independently. There is no distinction between male and 
female except in Neitonemertes mirabilis in which the males have a pair 
of cirri not found in the females. Some forms, on maturity, display 
different coloration perhaps due to the colour of ripe-sex cells seen 
through the body wall. 

The male and female may spawn without contact or the male may 
crawl over the female discharging the sperms. In some, however, two 
or more worms enclose in a common sheath of mucous within which 
the sex-cells are discharged. In some the sperms pass inside the ovaries 
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and fertilize the eggs and the development may take place inside the 
ovaries ( Prostoma , Geonemer/es , Linens). In others the eggs are fertilized 
when discharged to the exterior. The development is usually direct 
but in most of the heteronemertines the young are hatched as helmet¬ 
shaped, free-swimming larvae, known as pilidium. 

The pilidium was formerly described as a species of a supposed 

independent genus. It has a ventral mouth 
l (the blastopore forms it) but the gut is 

\ blind, and at the end opposite the mouth is 

/ the apical sense organ topped by a tuft of 

1 . JA • y 1 long flagella. A broad lobe grows out 

on each side of the mouth, on the edges of 
jf. - v this extends the circumoral ciliated band. 

\ This larva grows into the adult worm after 
■/ . ;* * , ; \ an elaborate metamorphosis. 

Y " Asexual reproduction is unknown in 

. J\ 5 the group but the power of regeneration is 

4 kx 7 great. In some cases the body breaks up 

^—• into pieces when touched and these pieces 


Fig. 197 . Pilidium regenerate the lost parts. 

larva of a nemertine (after CLASSIFICATION 

Coc). 1 , apical tufi ; 2 , t t . , 

cilia; 3 , mklgut; 4, stomo- The Ncmertina is divided into two sul>- 
dacuin. classes each of which is divided into two 

orders. The two main divisions of the phylum have not been called 
classes because of the great similarity of structure existing throughout 
the group. 

Subclass I Anopla. The Kemertina in which the mouth is 
situated posterior to the brain, the proboscis is unarmed and the 
nervous system is situated beneath the epidermis among the muscle 
layers of the body wall. This subclass is divided into two orders. 

Order i Palaeonemcrtini. The Anopla in which the body wall 
musculature is two-layered or three-layered, in the latter case the outer 
layer is circular, middle longitudinal and inner circular. The nervous 
system is relatively more peripherally situated than ,n °*^ rS V . 
circulatory system is usually without a mid-dorsal vessel. 1 he derm 
is a thin gelatinous layer. Tnbnhnus {=Carimlla) is the main g£n 
with simple cerebral organs and without eyes, the intestine is without 
lateral diverticula. Other genera include Procanmna , Cunmna^epna 
lotbrix and Procepbalotbrix , etc. 

Order 2 Heteronemcrtini or Hctcronemertca. The Anopla in 
which the bodv wall musculature is three-layered the outer ' 

middle circular, and inner longitudina . The lateral new cords^h* 
between the outer longitudinal and circular layers The derm,s is Hue 
and fibrous. The intestine has regularly spaced diverticuU, an 
mid-dorsal vessel is always present. Important genera include Ult» 
Zjgeupolia, Micrura , Cercbratulus , Baseodiscus , etc. 
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Sub-Class II Enopla. The Nemertina in which the mouth is 
anterior to the brain, the central nervous system internal to the muscle- 
layers of the body wall and the proboscis generally provided with stylets. 
This subclass is again divided into two orders. 

Order i Hoploncmertini or Hoplonemertca. 1 The Enopla in 
which the proboscis is armed one or more stylets. The intestine has 
a caecum besides lateral diverticula. The mid-dorsal blood vessel is 
present and is connected with the lateral vessels by transverse vessels. 
Important genera include BmpUctonema , Newerfopsis, Parane/r/ertes, 
Zygonemertes, Tetrastemma , Prosiowa y Gononemertes , Geonemertes t Ptlagone- 
mcrteSy Plotonemerles, etc. 

Order 2 Bdellomorpha or Bdelloncmertini. The Enopla with an 
unarmed proboscis, the intestine is sinuous without diverticula. This 
order includes the single genus Malaeobdella with three species which 
live as cctocommensals in the mouth cavity of marine clams and one is 
found in the pulmonary sac of a freshwater snail. For attachment the 
body is provided with an adhesive disc on the posterior end of the body. 
It feeds on plankton brought into the mantle cavity of the host hence 
js commensal. 

•REVIEW QUESTIONS 

1. Discuss the structure of Nemertina in details. 

2 . What is the position of the group in the animal kingdom ? 


I Some authors prefer to Call [this order Metanemertini which is supposed to 
include the Bdellomorpha also. 
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Pscudocoelomate Bilateria. The animals studied thus far 
were the phyla Platyhclminthes and Rhynchocoela, the triploblastic 
animals in which the space between the ectoderm and endoderm was 
filled up with mesoderm, in the form of muscle fibres and mesenchyme. 
Like these, in the radiate phyla also the digestive cavity was the only 
body space in the adult animals. In some animals the blastocoel or the 
primary body cavity persists in the adults as a spacious cavity between 
the digestive tract and body wall. Such a cavity is called a pseudococl 
or false coelom and the animals possessing such a body cavity are called 
pscudocoelomate. The pseudocoelomate phyla include the Acantho- 
cephala, Nemathelminthes (Aschclminthes) and Entoprocta. 

Definition. The Acan- 
thoccphala are pseudo- 

coelomatc entoparasitic 
cylindrical worms whose i 
anterior end bears a re¬ 
tractile proboscis armed 
with rows of stout recur- 
cd hooks. They lack a 
digestive tract. 



Fig. 198 . Spiny headed worms. A. eniire ; B. proboscis (enlarged). 

General Characters. The Acanthocephala (Gr. acantho , spiny-f* 
krphalOy head) arc parasites of peculiar structure and function that live 
as adults in the intestines of vertebrates and as larvae in arthropods. 
Theyare slender vermiform parasites used to be considered as a ciassor 
nematodes. But it is difficult to reconcile their unique body plan witn 
that of roundworms, they are now separated as an independent phylum* 
The most characteristic feature of the group is the organ of a * tach £ c T 
consisting of a retractile proboscis forming the anterior end of the ooay 
(hence referred to as ‘spiny-headed’). Behind the proboscis is a sho 
neck region and then the body proper, which is roughly cylindrical. 
By means of the spiny proboscis the worm clings to the intestinal lining 
of its host, absorbing nourishment through the delicate cuticle, in 
is no trace of a digestive tract. There are no circulatory or respiratory 
structures. Two branched nephridia with ctlia are connected 
common posterior excretory duct. A nerve ganglion in the■ P rob ° 
sends nerves to the proboscis and to the posterior part o. the b y 
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The sexes are separate. The ova are fertilized in the body cavity 
•and are shed in the faeces of the host generally advanced in develop¬ 
ment. If the host is an aquatic vertebrate, the eggs are probably eaten 
T>y a crustacean or an aquatic insect and in these animals the larvae 
■develop. They get back into a vertebrate when the intermediate host is 
•eaten by the final vertebrate host. The life-history for land vertebrates is 
similar, but it involves a land insect. There are about 300 known species 
found in various vertebrates, mainly fish, birds and mammals and 
occur throughout the world in the sea, on land or in fresh-water. 


Fig. 199. Anatomy of the Acanthocephala. A male ; B, proboscis withdrawn ; 
female; D. lacunar system. (A-C from Lynch, D, after Me>er). 1, hooks; 2, 
proboscis ; 3, lemmsci; 4. cerebral ganglion ; 5, ligament; 6, testis ; 7 , pseudocoel ; 
8 , vas deferens ; 9, bursa ; 10 amis ; 11. cement reservoir ; 12, cement gland ; 13 . 
ova ; 14. embryos ; 15, vagina ; 16, female pore ; 17, main dorsal channel. 

The Acanthocephala are divided into three orders: (i) Archi- 
acanthocephala, (it) Palaeacanthocephala and (iii) Eoacanthoccphala. 
TYPE ECHINORHYNCHUS 

External Characters. The genus Ecbimrbynchus is common para- 
site in the intestine of mammals, birds, reptiles, amphibians and fishes. 
The largest species E. (Gtganiorbyncbus) gigas {Mccracantkorhynchus bint - 
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dina ecus') is the best known acanthocephalan, found the world over in 
pigs less often in dogs and other mammals. Once it has been reported 
in human being. It varies from 50 to 6j cm. in length. Another 
species, Giganlorbynchus cchinodiscus from South American ant-eaters is 
45 cm. in length. Most species, however, are small ranging from 
1.5 mm. to 1 cm., the majority falling under 25 mm. 

The body is cylindrical, though other species may be short plump, 
fusiform, clavate or laterally flattened. Many forms are slightly curved 
and in one (Ham annuli a muroeepha/a) the body is spirally coiled. In 
all these forms it is difficult to distinguish dorsal from ventral surface 
from external criteria. When the body is curved the concave surface 
is ventral and when the proboscis is covered with unequal sizes of hooks,, 
the larger hooks are ventrally located, but in most cases dorso-ventrality 
can be determined with the help of internal structure. For example, 
the cerebral ganglion is located in contact with what is considered to 
be the ventral wall of the proboscis receptacle. The acanthocephalan 
worms do not have a colour of their own. Frequently they appear red, 
orange, yellow or brown depending upon the absorption of food from 
the host. 

In many acanthocephalans body cuticle is ringed or constricted 
at regular intervals ana presents a more or less segmented appear¬ 
ance.' In the genus under discussion the cuticle is only slightly ringed. 
The body is divided into a short slender forcbody or presoma and the 
much longer stouter trunk. The presoma consists of the anterior 
proboscis that bears hooks and a short neck region without hooks. 
The trunk is cylindrical. In several genera the trunk is more or less 
noticeably differentiated into a broader fore trunk and a slender hind- 
trunk ( Bolbosoma ). There is no trace of mouth, anus or excretory pore. 
The gonopore occurs at or near the posterior extremity. 

The body-wall is covered with a distinct cuticle of homoge¬ 
neous structure. Beneath the 
cuticle lies the epidermis or 

hypodermis. The epidermis has 
very remarkable structure. It is 
a thick layer of fibrous syncytial 
construction (Fig. 200) compris¬ 
ing three fibrous strata: (/)outer 
strata of parallel radial fibres, 
onlv sliehtly thicker than the 
cuticle; ( 0 ) middle strata some¬ 
what thicker felt-work of layer 
of fibres running in different di¬ 
rections; and (# 7 /) an i.™ crStr ^ 

of radial fibres. The inner layer 

is the thickest and is regarded 
as the epidermis proper by man> 



Fie. 200. Longitudinal section through 
the epidermis. 1, cuticle; 2. the outer 
radial layer of the epidermis ; 3. Mt 
IIV cr • 4 inner radial layer ; 5. channels 
of 'lacunar system ; 6. dermis ; 7, nucleus. 
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arc situated in this layer. They are quite large oval or elliptical 
in shape. In the acanthocephalans the number of nuclei is approxi¬ 
mately constant for each species. They are few in number and more 
or less fixed in position. 

In the inner radial layer of epidermis is located a set of channels 
without definite walls forming what is known as the lacunar system. 
The lacunar system has more or less a definite pattern. It consists of 
two longitudinal vessels with regularly spaced transverse connections. 
The main channels in this case are medially located, they are dorsal 
and ventral (Fig. 199D). -The lacunar system is confined mainly to the 
epidermis. It docs not communicate with the exterior or with any other 
body structure. It is filled with a granular fluid probably absorbed from 
the host. It is supposed to serve as a food-distributing system. 
The nutritive fluid in the channels moves with the movements of the 
body. 


The epidermis is followed by a thin layer, the dermis (also called 
basement or binding layer). The material forming this layer also per¬ 
meates the underlying musculature which is relatively thin and consists 
of two layers : outer circular and inner longitudinal. These muscles 
arc also syncytial, forming a fibrous network and probably containing 
a constant number of nuclei. Each muscle fibre consists of a cytoplasmic 
and a fibrillar portion, the fibrils may run along one side of the cytoplas- 

f fiff ar* t,k * »»■ u» 3 „ y p 

Proboscis Apparatus. The proboscis is cylindrical and is 
covered with many rows of recurved hooks of similar shape varying 
,n size and arrangement (Fig. i 99 B). The larger hooks have gotiheir 
roots sunk into the proboscis wall. Some smaller ones a re® ootids 
and have been called spines by some authors. The exact chemical 
nature of hook and spines ,* not known. They are probably oTthe 
same nature as the dermis from which they seem to arise. They Ire 
covered with cuticle. When withdrawn the proboscis is lodged^into 
a muscular sheath, the proboscis receptacle sunk in ? 

of the trunk and is provided with four retractor muscles The mnJb.'l 
of the sheath are circular and act as protractors At fhe Vl/ r.T u 

of the proboscis two club-shaped organ^ theLn , l l,de 

the trunk pseudocoel. The leminsci Ire long s'lender^od^.f d °Y" i . Mo 
six giant nuclei (fewer or more in otherspecies)They COn t ta,m "e 
covered by dermis and are well supplied with the JrnZrl ”" rnal , V 
certain levels the lemnisci are enclosed in ? nar s Y stem * At 

lemnisci in all probability act as reservoirs for thTfluid Thc 
system of the presoma when the proboscis is withdraw! ^ 

gang^n 

wall. The ganglion* made up of a dS 2 .«w? Ct r Wlth VCnt ^ 
(86 in the present case) surrounding a central fik! of gaagUon cells 
arise two single and three pairs of nerves. The singleTrv^ ^e^an 
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anterior median and a central anterior nerve to the musculature and 

sensory papillae of the pro- 
— 1 boscis. The paired nerves are 

if v represented by a pair of lateral 

V rH* anterior nerves to the lateral 

Y\ • protrusors; a pair of lateral 

/'] (’^4 medial nerves to the recep- 

tacle wall, and a pair of main 
lateral posterior nerves inner- 
1 jL-iv i vatingthe posterior end of the 

'° i!""np/HT |' 1 y A ^ 9 animal. In the male an addi- 

| \ 1 ; 9 tional p’.ir of genital ganglia 

v v J arc P rcscnt near the P cn,s 

f \\ \N // base and connected with each 

/'l, ! \ / other by a ring commissure 

U\ 1 // N\/a (Fig. 201 C). These ganglia 

W arc connected with the main 

C »■ IW jj lateral posterior nerves. Bran- 

ches from these ganglia supply 
^5 the reproductive organs in¬ 

cluding the bursa. In the female 

Fig 201 . Nervous system of E. gigas (after branches from the main lateral 
Brande>). A, nervous system on the anterior posterior nerves supply n 
side ; 11, on the po>ierior side (female) and reproductive organs. 

C, posterior side (male). I. apical sense ~ _ r>f 

organ ; 2 , anterior median nerve ; 3 . lateral Sense Organs. '8 , > 

sensory bulb ; 4 . central anterior nerve ; 5 , special sense arc not developed 
lateral anterior nerve ; 6, lateral meJial j n correlation to cndoparasitlC 

nerve ; 7 . cerebral ganglion ; 8. retinacula; ,-r Thc on Jy structures that 

9 , lateral posterior nerve ; 10 . genital ' . t*nArr this 

ganglia; 11. semory bull, of mo& ; 12. can be described under tru* 
nerve ring in genital sheath; 13 , nerves of heading include three structure 
the buisa. jn the proboscis and several in 

the male bursa and penis. All arc tactile sense organs. The 
proboscis sense organs comprise a terminal sense organ in the 
centre of thc tip and, in some genera, a pair of lateral probosc s 
sense organs one on each side in thc neck. The terminal sen 
organ consists of a small pit beneath which there is a fusiform 
nerve ending of a nerve fibre that makes a coil just be ‘°^, 1 
termination. In the lateral proboscis sense organs several nerve hbr 
arc coiled below the termination. In the male branches from 
genital ganglia terminate in spherical tactile bulbs of which 
arc seven or eight around thc rim of the bursa and several in thc peni j 
Excretory Organs. The excretory organs consist of a pair of smal^ 
bodies (protonephridia) situated at thc posterior end near the genita _ 
aperture. Each protonephridium consists (Fig. 202) of a branching 
mass of flame-bulbs attached to a common stem. The two stems> 
to form a wide median dorsal channel which opens behind 1111 the: f 

into thc unpaired portion of the oviduct and in the male in th l 

tory duct or common sperm duct. Thus, the terminal canal o 


Fig 201. Nervous system of E. gigos (after 
Brande>). A, nervous system on the anterior 
side ; B. on thc posterior side (female) and 
C, posterior side (male). I. apical sense 
organ ; 2, anterior median nerve ; 3, lateral 
sensory bulb ; 4, central anterior nerve ; 5, 
lateral anterior nerve ; 6, lateral meJial 
nerve ; 7. cerebral ganglion ; 8, retinacula; 
9, lateral posterior nerve ; 10. genital 
ganglia; II. sensory bulls of penis; 12. 
nerve ring in genital sheath; 13, nerves of 
the bursa. 

the male bursa and penis. A 1 
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Fig. 202. Excretory sys¬ 
tem of the Acanthocephala. 

A, urinogenital organs of 
Hamanniella showing the posi¬ 
tion of the excretory organs ; 

B, a protonephridium enlar¬ 

ged ; C, a flame bulb. 1, 
cement glands; 2, sperm duct ; 
3, ligament sac ; 4, prolon- 
nephridium ; 5, bladder ; 6, 
genital sheath ; 7, nephridial 
nuclei ; 8, dorsal ligament 

sac. (A, B, after Kilian ; C, 
after Mc>er). 


productive system arc, in fact, urinogenital canals. The flame-bulbs 
in each protonephridium range from 2j to 700 and are simple without 
nuclei (hence not cells); three nuclei occur in the wall of the chamber. 
The flame consists of a linear row of cilia. According to some at the 
end of each flame-bulb arc a number of fine perforations through 
which its canal communicates with the pseudocoel. 



Fig. .'03. Ligament sacs in Acanthocephala. Schematic transverse section of 
palacacanthcccphalan and B, cf archiacanthocepha an. I, cutic’e ; 2, epidermis 
3, tragn.cntcd epidermal nuclei ; 4, main lacunar channe’s ; 5, circular muscle fibres 
6, longitudinal mu'clc fibres; 7, pseudocoel; 8, remnant of the ligament ; 9, lemnisci 
10, giant epidermal nucleus ; II, dorsal ligament ; 12, ventral ligament sac. 

Ligament Sacs. The ligament sacs are peculiar organs 
of the Acanthocephala, and consist of hollow tubes of connective 
tissue with or without accompanying muscle fibres. They run 
through the whole length of the body and enclose the reproductive 
organs. They are attached to the posterior end of the proboscis recep¬ 
tacle or the adjacent body wall anteriorly and posteriorly they terminate 
on some part of the reproductive system. In the females there are two 
ligament sacs, a dorsal and a ventral, whose medial walls contact each 
other (Fig. 203). Anteriorly the two sacs communicate with each 
other by a common opening In the male there is onlv one sac 
the ventral sac is lacking. The dorsal sac embraces the testes and the* 
cement glands and posteriorly becomes continuous with the genital 
sheath. 
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HafFner (1942) has reported a nucleated strand, the ligament 
strand, between the two ligament sacs in the female and along the 

ventral face of the single ligament 
sac in the male. In both the gonads 
are attached to this strand, which 
is regarded as the endoderm 01 
midgut. 

Pseudocoel. The pseudocoel 
is the space devoid of any lining 
membrane between the body- 
wall and the ligaments. It is small 
in forms with two ligament sacs 
but becomes quite large in those 
with one sac only. It also extends 
into the presoma between the 
muscle bands. The pseudocoel is 
filled with a clear fluid. 

Reproductive System. The 
sexes are separate and the female 
is larger than the male. The male 
has a pair of testis enclosed in the 
ligament sac lying one behind the 
other and attached to the ligament 
strand (Fig. 199A). From each testis 
arises a sperm duct (vas deferens) 
and runs posteriorly inside the 
ligament sac. It presents many 
enlargements, the seminal vesi¬ 
cles, for the storage of sperms. 
A cluster of unicellular gland 
cells, the cement glands (usually 
six or eight in number) open into 
the sperm duct shortly behind the 
more posterior testis. The common 
duct formed by the union of two 

. sperm ducts, into which also open 

the cement glands, is known as the ejaculatory duct. The spcrmducts 
the cement ducts and the protonephnd.al canals arc all enclosed in a 
muscular tube the genital sheath, continuous with the ligament sac. 
The cjaculatorv duct opens into the bursa or bcll-hke copula tory organ 
and has at its opening a short conical protrusion, the penis I he 
bursa is a hemispherical cavity composed of mturned body II 
and is evcrsiblc t< the exterior. It grasps the rear end of the fernal 
during copulation. The sperms are long filament-like without def.ni 

1,C The ( fimale 0 reproduc«ivc system i. remarkably different fro™ others. 

^"■nto'ftagments'called ovrria'n balls'^Fig 11 1OTQthat'float free in the 



Fig. 204. A, female reproductive 
system of Bolbosoma (after Yamaguti); 
li, sperm of an acanthocephalan ; C. 
shelled embryo of terrestrial acan¬ 
thocephalan ; D. shelled embryo of 
aquatic acanthocephalan 1, ligament 
sac ; 2, uterine bell; 3, bell pockets ; 
4. uterus; 5. vagina ; 6. outer mem¬ 
brane ; 7, inner membrane; 8. embryo; 
9, fertilization membrane. 
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dorsal ligament sac, which soon ruptures leaving the balls swimming 
freely in the pseudocoel where they are fertilized. The ducts are also 
very peculiar. Connected with the end of the ligament sac is a muscular 
uterine bell, a funnel-shaped organ that by peristaltic contractions 
engulfs the developing eggs and conducts outwards (Fig. 204A). The 
bell has a single (or a pair of) posterior ventral openings through which 
the immature eggs, which are spherical, pass back into the body cavity. 
The mature eggs, which are spindle-shaped and covered with a chitinous 
investment, make their way through a uterine tube, a double passage, 
to the uterus. The uterus is a long muscular tube and is followed by 
a short non-muscular vagina leading to the exterior. The nephridia lie 
alongside the bell and the common canal formed by their union opens 
into the beginning of the uterine tube. The ovarian balls comprise a 
•central syncytium from which ovogonia separate and pass to the peri¬ 
phery where they develop further. 

Copulation and Development. The everted male bursa grasps 
the posterior end of the female, the penis is inserted into the vagina 
and the sperms are discharged into the uterus. Finally the secretion of 
the cement gland is discharged. This plugs the pore preventing the 
escape of the sperms. The mature ova are elliptical surrounded by a mem¬ 
brane. Fertilization takes place in the body cavity and after fertilization 
a membrane arises inside the original egg membrane. In the meantime 
the eggs have escaped into pseudocoel (or in some cases inside the 
dorsal ligament sac) where they undergo further development up to the 
larval stage provided with rostellimj armed with hooks. Meanwhile 
a third membrane, the shell, appears between the two membranes 
{Fig. 204 C, D). This is hard inarms that use terrestrial inter¬ 
mediate hosts, softer in those with aquatic intermediate hosts. These 
are known as ovic or acanthor larvae and have three pairs of 
larval hooks, like those of the cestode hexacanth, on their anterior 
ends which ultimately becomes the anterior end of the worm. They 
are picked up by the uterine bell and conducted to the exterior. They 
can develop further only if ingested by the proper intermediate 
host which in this case is the grub of the June beetle or of other 
scarabacid beetles. 

The acanthors thus pass out in the hosts* faeces and are dropped 
with it. They are then swallowed by the larvae of June beetle. Upon 
reaching the intestine of the intermediate host the shell splits along a 
li ne that appears earlier and the acanthor is released. It perforates the 
wall of the gut and either fixes to it or makes its way in the body cavity. 
While passing through the gut wall the acanthor loses its shape 
becomes nearly spherical and the larval structures begin to degenerate. 
But it begins to elongate in the haemocoel of the host. At this sta«e it is 
called acanthella by some authors. The endoderm that up to now was 
a solid mass splits into an outer layer in contact with the ectoderm and 
a solid central axis, the inner nuclear mass, which gives rise to the re¬ 
productive organs ligament sac musculature, proboscis and ganglion. 
Theravity formed by the sphtting of the endoderm is the body-cavity 
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or the pseudocoel. The ectoderm gives rise to the protoplasmic layer 
of the body wall, to the whole system of vessels and to the IcminiscL 
The larval cuticle is thrown off and a new one is formed. This deve¬ 
lopment in the intermediate host may take from 6 weeks to 3 months- 
depending upon the species. The larva attains adult proportions 
and sexual maturity only on reaching the definitive vertebrate host. 

Parasitism. Undoubtedly the acanthoccphalan worms are the: 
most injurious of helminth parasites. The proboscis hooks are buried, 
in the intestinal wall and thus they damage the tissues, especially in the 
mammals. At the damaged places special nodules are formed and they 
persist even after the parasites have been eliminated. This causes mech¬ 
anical injuries but apart from such injury these injured places arc good 
places for infection, liuge infection is very harmful to the host. 
Schwartz (1921) found the pseudocoel fluid of E. yeas to contain a 
substance haemolytic to the red blood corpuscles of cattle and pig. As 
in other parasites the reproductive capacity of the acathocephalan is very 
high. Kates (1944) in a gravid female of Macr. hirudinacius reported,. 
10,00,0000 shelled acanthors at one time without any loss to their egg 
producing capacity. In this species the emission of shelled acanthors 
begins about 60—80 days after infection and continues at an average 
rate of 260,000 per day for a period of ten months. 

Affinities. The relationship of the Acanthoccphala is difficult 
to establish. The worms were noticed about the beginning of the 18th 
century but were not clearly distinguished from other intestinal worms 
until 1771 when Koelreuthcr proposed the name Acantbjocrpbalus for one 
from a fish. In 1776 Zoega and O. F. Muller described on c Ecbinor. 
by tubus from a fish. Zedcr (1803) called them-hooked worm. (“Haken- 
wurmcr,') and Rudolfi (1809) changed this into Acanthoccphala. 

Cuvier included them with flatworms. Vogt was the first who dis¬ 
tinguished the flat-worms from roundworms upon which Gegcnbaucr 
gave the name Ncmathclminthes to the roundworms. The position 
of Acanthoccphala, however, has remained uncertain. Some authors 
relate them with flatworms and some with roundworms. The nematode 
similarities of the acanthocephalan worms include: (a) the presence of 
pscudococlom in both though the pscudococlom in the acanthocephalan 
worms develops differently; (b) division of the body into preson.a and 
trunk like that of the gordiaccan larva; (r) armed proboscis as found 
in the echinoderids and gordiaccan larva ; (*/) superficial segmenta¬ 
tion ; f t) cuticle chemically identical to that of the nematode worm ; 
(f) pseudocoel is divided by partition and tissues; (c) the presence ot 
syncytial nucleated epidermis: (b) nervous system and flame-bulbs arc 
similar; (/) close relationship between protonephridia and genital ducts 
as occurs in rotifers ; and (/) the nuclear constancy. All these points- 
link the acanthocephalan worms with the Ncmathclminthes. T.iC)V 
however, differ from the Ncmatoda in (/') the presence ot a proboscis; 
(/;) absence of a digestive tract ; (///) presence of circular muscles; 
(/,’) presence of ciliated excretory organs, and (/•) peculiarities ot the 
reproductive organs. 
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The acanthocephalans arc linked with flatworms because of the* 
following points: (/) an armed proboscis invaginable and withdrawable 
occurs in ccstodes and the proboscides of Trypanorhyncha and A cant ho- 
cephala, and is similar so far as the shape and arrangement of hooks is 
concerned; (/'/) syncytial nucleated epithelium as occurs in the turbella- 
rians; (Hi) similar arrangement of the body wall musculature comprising 
circular and longitudinal muscles; (ip) the reproductive system of the 
acanthocephalan worms is more suggestive of flatworms than ot Nema- 
thelminthes, and (/«) the embryology is like that of thccestodes, the main 
difference between the destode hexacanth and the acanthor seems to be 
that the latter retains its epidermis while in the former it becomes one 
of the larval envelopes. 

From the above no decisive conclusions can be drawn. Chit¬ 
wood (1940) and Van Cleave (1941) favour platyhelminth affinity. But 
since they show no closer tics to other animals it is probably best to- 
consider them as an independent phylum. 

REVIEW QUESTIONS 

1. Discuss the structural peculiarities of the Acanthocephala. 

2. Enumerate the characteristics that link the Acanthocephala with the? 
nematodes. 


1 
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The name Nemathelminthes has been used jo cover many different 
groupings. Several authorities headed by Kukenthal-Krumbach (HantJ- 
buchdtr Zoologit) recognise the phylum Nemathelminthes to include 
as classes the Rotifera, Gastrotricha, Kinorhyncha (Echinodera), Acan- 
thocephala, Ncmatoda and Nematomorpha (Gordiacca). Hyman 
(The Invertebrates Vol III, 1951) has followed this arrangement but 
has changed the name of the phylum to Aschelminthes after Grobben 
(1908). Here, however, the name Nemathelminthes has been retained 
for the simple reason that it is quite familiar and it does not appear better 
to change old suitable names even if the new name happens to be slightly 
better. Lately another problematical group Priapulida has been added 
to this between Kinorhyncha and Nematoda, the same has been kept 
with the Annelida here. The relationship between the various classes of 
this group is not so close as that of the classes of other phyla but because 
the evidences of relationship are concrete and specific they cannot be 
ignored. 


Definition. The phylum Nemathelminthes (or Aschelminthes) 
includes bilaterally symmetrical anjmals with a pseudococlom (presis- 
tent blastococl). The body is usually vermiform, unsegmented covered 
by cuticle that may be ringed simulating segmentation. The alimentary 
canal is straight (sometimes curved) and opens to the exterior by an anus 
located at or near the posterior end. 

General Characters. The Nemathelminthes on the whole are 
small sized animals, only some attain notable lengths. The body is 
vermiform either cylindrical or flattened and covered by tough resistant 
cuticle which may be ringed or covered by spines, scales or bristles, etc. 
The epidermis, underneath the cuticle, is syncytial in most cases and the 
musculature lying below it is not prranged into definite layers. The 
body cavity is pscudocoel as it is not formed by the splitting of the 
mesoderm like true coelom. In fact it is the persistent blastocoe of the 
developing embryo. The straight or curved a imentary canal lacks a 
definite muscle layer though it may be covered with a net of muscle 
fibres. Commonly the pharynx is highly differentiated. Flame-cells 
with excretory canals are present in some (rotifers, gastrotnehs, and 
kinorhynchs).'Respiratory and circulatory systems are lacking. The 
reproductive system is simple and the sexes are separate. The nervous 
system is quite well developed comprising an anterior brain mass, a 
circumentcric nerve ring and ventral and lateral nerves extending from 
these. Another characteristic feature is that the number of cells or 
•nuclei is constant in its members. They are mostly aquatic animals 
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Fig. 205 . b'rtommola eoftus, showing general router structure. A, lateral view; 
It ventral view. 1 , auric c expanded ; 2 . corona ; 3 head joint ; 4 . dorsal antenna; 5 . 
ciits of retcrocerebral organ ; 6. subcerebral glands ; 7 . reicrocercbral sac; 8 mastax, 
9, oesophagus ; 10 , neck joint; 11 . trunk; 12 . gM»nc glandj 1; 13 . flomieh . 14 . 
/1’ l* rmirlr 1 16 eoidermis ; 17 , pscudocoel ; 18 , intestine , 19 , germo- 

vitellarium ; 20,’ protonephridium; 21. junction of protonephridium with ir totine; 22 
anus - 23 , pedal glands ; 24 , duels of pedal glands; 25 , loo.; 26 , toes; 27 . a.cral 
•Imennae ; 28 . buccal field of corona ; 29 , aur.e e ie.rac.od; 30 c.rcumap.cal band 
of corona 31 . apical field ; 32 . mouth ; 33 . .roph, ; 34 , sal.vary gland cell. 


inhabiting both salt and fresh water, only some nematodes are terres- 
• trial. The members of the phylum are free-living, epizoic and even 
parasitic. 

Phylum Nemathelminthes 
Class 1 Rotifera 
Class II Gastrotricha 
Class III Kinorhyncha or Echinodcra 
Class IV Nematoda 

Class V Nematomorpha or Gordiacea. 


CLASS ROTIFERA 

Definition. Free-living aquatic Nemathelminthes (Aschelmin- 
thc$} in which the anterior end is modified into a ciliary organ, the 
corona; pharynx is provided with internal jaws and the animals are 
furnished with typical flame-bulb protonephndia for excretion. 

External Features. The Rotifera or wheel animalcules are mioute 
aquatic animals ranging between .04—2mm. in size, .5 mm. being the 
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loidri 0 n*'£ d F ' and4 * A. anterior cn.l of a bdcl- 

D .1 r ^ ; i; . ? , ‘ CX \ 0X l 0i '* ; *** Vl * , » • C. mcroccrebral organ of fiotommota ; 

D, the wne of a bc'eHoul; E , yedal gland* ol A^ ld . |, ,o>«rum ; 2. rostral 
lamella ; 3, dor>al anter.ra ; 4. no. hal d.^c ; 5. ,,l an, x : 6. ol ,hc piar , x 7 

aurtcT-'U l‘, C , U n C S * ,uUp,d ? rn ? 1 mU4 , C ’ e ; ,0 * 0U,!e ' °* -,e,er °cerelral organ; II.’ 
10. Joes ’ U ' 1 ' ’ re;erocc,cLril * c I >«. ^IccreLral gland ; 15. pedal gland ; 


average size of the majority. 1 he elongate body is divisible into an 
anterior head region bearing ciliary apparatus, the corona, often an 
elongate trunk and the posterior slencfcr region called tail or foot. 
Apart from this simple type (Fig. 205) various other types of body 
forms arc found. Some forms arc sac-like ( Asplancbna ), some arc 
broad-types (brachionus) and some arc slender {Rotoria). In one type 
(.Utson) both the foot and the neck arc elongated. Body is cylindrical 
in transverse section but lateral and ventral surfaces may be flattened 
or concave. Most of the animals arc bilaterally symmetrical but in 
some cases asymmetries are also found in external features,*.^., in the 
presence of toes. In some forms the body is vcntrally turned and in 
others it is twisted. 




The body is covered by cuticle that is yellowish in colour. It is 
often ringed simulating segmentation. In some cases the cuticle of the 
trunk region is specially thickened forming a hard encasement, the 
lorica, made up of one to several plates. The anterior part of the 
body is withdrawable within the lorica. 

The anterior end of the body is not clearly delimited as head, but 
it is called one only for the sake of convenience. It is typically broad 
and truncate, or slightly convex having an unciliated central region, 
the apical field, encircled by a ciliated zone, the corona. Apical field 
is commonly provided with several projections on some of which open 
certain ducts of glands that lie below. Some projections arc sensory 
and bear stiff bristles and hairs, etc. The corona may be entire or 
lobulatcd. In sessile forms (Flosculariacca and Collothecacea) the 
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corona is drawn out into a number of lobes forming a funnel-shaped 
anterior end. In one variety of rotifers (bdelloids) the corona is 
particularly subdivided into two retractile trochal discs. The head 
may also bear a pair of prominent cilited lateral retractile projections 
termed auricles(Fig.205). In manv forms there is present a middorsal 
projection in the head region called the rostrum (Fig. 206 A). The 
tip of the rostrum is provided with cilia and sensory bristles that arc 
protected by thin plates called the rostral lamellae. In bdelloids 
the rostrum is used in locomotion by looping method, as the anterior 
end. 

Most of the rotifers are provided with eyes which appear as red 
flecks and appear singly or in pairs in the brain (Fig. 212). In others 
the eyes may be present in or near the corona, in the apical field or 
on the rostrum. The eyes may be elevated on papillae or sunk in 
depressions. The mouth is located in the corona in the mid-ventral 
line of the head, and often a protrusion of the apical field serves as 
ventral lip. In the funnel-shaped stalked forms the mouth is situated 
at the bottom of the funnel-shaped anterior end. 

The trunk may be cylindrical or variously flattened and is often 
enclosed in a lorica which may be ornamentca or spiny. The spines 
in some cases arc very long, movable and help in producing skipping 
movements. In Pcdalia such movable projections are very well deve¬ 
loped,—-they arc extensions of the body tipped with bristles. The trunk 
is provided with certain other projections, w^., lateral antennae or 
palps and a dorsal antenna. The lateral antennae arc situated on either 
side of the trunk (Fig. 205); slightly toward the anterior side in the sessile 
types and are wanting in many. The dorsal antenna is a finger-like 
projection usually single situated in the mid-dorsal line of the anterior 
end. The anus is situated in the mid-dorsal line at or near the boundary 
of the trunk and foot. Posteriorly the body tapers gradually into the 
foot in many forms but in some loricate forms (those that have lorica) 
the foot is sharply set off from the stout trunk. The cuticle of the tail 
is ringed into a few to many joints. The foot serves as a clinging struc¬ 
ture in creeping types and in swimming types it acts as a rudder. In 
sessile forms the foot takes the form of a long stalk. The foot usually 
bears one to four movable projections known as the toes used in holding 
to the substratum while creeping. The toes may be short or conical 
(Fig. 205) or slender and spine-like (Fig. 219 B). At the tip of the toes 
open the ducts of pedal glands that are lodged in the interior of the foot. 

The rotifers are usually transparent. They appear slightly yellowish 
due to the colour of the covering cuticle. Brown, red, or orange forms 
are also seen but their colour is localised in the digestive tract because 
of the coloured objects that they swallow. 

Sexual dimorphism occurs in some rotifers. The males are 
reduced greatly in size and morphology. In two groups (Ploima and 
Seisonacea) the members of both the sexes are similar and equal. In 
one group (Bdelloidea) only females occur and they reproduce partheno- 
genetically. 
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Occurrence. The rotifers are common inhabitants of fresh water, 
some live in brackish water and a few in the ocean. Some live on land in 

damp sites, some live in the axils of leaves 
of moss plants. They have adopted a 
variety of habitats. Some members arc 
also known to be parasitic. 

Corona. The corona or the “wheel 
organ” (Fig. 205, 207) is the most 
striking feature of the rotifers. It creates 
a current of water that brings along with 
it food particles and helps the animal in 
feeding. The metachronous beating of 
cilia produces illusion of a rotating 
wheel. The interpretation of the corona 
has been very controversial. As its 
correct interpretation is important from 
phylogenetic point of view it engaged the 








phylogenetic point of view it engaged me 
attention of zoologists for a long 
rime. Probably rotifers have originated 
from ventrally ciliated creeping forms. 
In such forms there was a ventral 
ciliated field around the mouth, used 
primarily for creeping. It is from such 
a ventral ciliated field that the corona has 
evolved. This is evident seeing the ground 
Fig. 207 . Corona of rotifers. p| an c f the corona, in some primitive 
A. ventral view of primitive ^ otifcrs that comprises a large oval ventral 

view of the same. I, apical field, the buccal field, evenly covered with 
field ; 2, outlets of retcrocer- short cilia, surrounding the mouth ana a 
bral organ ; 3 , apical e\es; 4 . circumapical band extending from the 
Srtmoufht S 7* lateral buccal field to encircle the margin of the 
c>es ; 8, brain; 9. reteroccre- head, that remains naked and forms the 
bral sac; 10 , subcerebral gland; apical field (Fig. 207). Such a condition 
11, cerebral c>c; 12, buccal occurs in many notommatids and is 
tube; 13 , pharynx. associated with creeping habits. It is 

from such a primitive condition that the various modifications of 
the corona have taken place. The cilia of the corona frequently 
become complicated forming cirri, membranclles or styles, etc. 
corona is absent in the adult females of the genera Atrocbus UtPt- 
lopafiSy and Acyrtus, but is present in the normal form in the maies 
and young females. * 

Body-wall. The body wall consists of cuticle, epidermis and 
subepidcrmal muscles. The cuticle is secreted by 'b c c Pjf cr ®. 
and probably consists of sclcro-proteins. In creeping 
cuticle is ringed, that facilitates body movements and heP 

telescoping of the segments. The cuticle ‘^^"^^"Tonsitts 
the polygonal pattern being common. The cpiderm! » 

of a thin syncytium containing scattered nuclei, that 
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arranged and arc constant in position and number for each species.. 
In the region of the corona the epi¬ 
dermis presents numerous heaps of 
cytoplasm around the nuclei that 
project into the body cavity. Below 
the epidermis lie the subcpidermal 
muscles (Fig. 206 B.) 

Epidermal glands. Asso¬ 
ciated with the epidermis there are 
two sets of glands, the retcrocere- 
bral organ and the pedal glands. 

The rcterocerebral organ lies above 
and posterior to the brain. In its 
typical form the reteroccrcbral organ 
consists of a median rcterocerebral 
sac and a pair of lateral subcere¬ 
bral glands. From the sac arises 
a duct, runs forward, forks and 
finally opens on the apical field on 
a single papilla; sometimes it opens 
on two papillae separately. Both 
the sac and glands are syncytial and 
secrete droplets that give them 
vacuolated appearance. Sometimes 
both the sac and the glands arc 
filled with strongly diffractive gra¬ 
nules and sometimes red pigment 
grains also. It is supposed to have 
produced adhesive secretions origi¬ 
nally but now it is in the process of 
degeneration. In some cases the sac 
is reduced or even lost whereas in 
others the sac is prominent and 
the glands are reduced. In fact the 
sac and glands vary much in rela¬ 
tive and absolute sizes in different 
rotifers (Fig. 206). 

The pedal glands are unicellular 
situated it 



Fig. 208. M'isculature of Efrit>hantS {. 
dorsal view. I, auricle 5 2 , tufts of 
cm ; 3, coronal muscles ; 4, sensory 
rerves ; 5, coronal sphincter; 6 , brain ; 
7, retractor of the dorsal antenna; 8 , 
nerves of the dorsal antenna; 9, medial 
part of lateral retractor ; 10 , *upcrion 
part of the lateral retractor ; 11 dorsal 
retractor ; 12, central retractor ; 13, 
cutaneogastric muscle ; 14, first ring, 
mu^le ; 15, eighth ring muscle ; lb, 
hinder part of the dorsal retractor ; 17, 
cutaneoiotestinal muscle ; 18 , dorso- 
phar> ngeal muscle. 


glands situated in the foot. (Fig. 

J0 6 E). From each gland a duct arises and runs through the entire 
length of the foot, finally opening on the tips of the toes. They 
secrete adhesive matenal used in creeping, in constructing tubes and 
cases, or for permanent attachment in fixed forms. In some cases- 
they are numerous (up to 30) and of several different kinds. 

Musculature In the rotifers the sub-epidermal muscles com¬ 
prise a number of muscles running irregularly in different directions. 
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In some typical cases they can be identified as circular and longitudinal 
groups. Besides these there are some muscles that run from the body 
wall to the viscera. These are the cutaneovisceral muscles. Some 
muscles run only on the viscera. These arc the visceral muscles. The 
circularly disposed muscle bands are well developed in some Ploima, 
and comprise three to seven widely spaced muscles running just close 
to the epidermis on the under side. These may form complete rings 
but are often in complete ventrally (Fig. 208). The contraction of these 
muscles serves to extend the body. The circular muscles form a coronal 
sphincter, comprising one to seven, often united bands in the head 
j ust behind the corona. This closes the neck after the corona is retracted. 
At the junction of the trunk and foot a similar pedal sphincter 
occurs. 

The longitudinal muscles of the body wall run along the body 
length directly under the circular bands and arc attached to the epidermis 
here and there. Some muscles are not inserted at all in the epidermis 
and run through the pscudococl and act as retractors, and arc known as 
the central, dorsal, lateral, ventral pairs of retractors depending upon 
their position in the body. The retractors serve to retract the head and 
foot into the trunk. These muscles have one or more nuclei. On the 
whole muscles are smooth or cross-striated or both apparently without 
any relation to other factors. 

Pscudococl. Between the body wall and the viscera there 
exists a spacious cavity, the pscudocoel. It is not a true coelom as 
it is not lined by mesoderm and is not formed by its splitting. It is filled 
with a fluid and a loose network formed by the union of branched 
amoeboid cells, probably of phagocytic and excretory nature. 

Digestive System. The mouth (Fig. 210) opens into a ciliated 
buccal tube formed by an invagination of the apical field. Therefore 
the histological structure of the buccal tube is similar to that of the apical 
field. A buccal tube occurs only in those forms that gather microscopic 
food by coronal currents. It is not found in raptorial forms in which 
the mouth directly opens into the pharynx. 

The pharynx or mastax of rotifers is a peculiar structure and 
is characteristic of the group. It is a muscular organ of various 
forms (rounded, elongated or trilobed) and contains a complicated 
masticatory apparatus in the interior. This apparatus is made up 
of hard cuticularized pieces called trophi. The trophi consist of seven 
main pieces, a median fulcrum and paired rami, unci and manubria 
(Fig. 209). The paired pieces arc arranged sideways. The right and 
left pieces often differ in shape and size (since they are constructed to 
interlock when used. They are arranged in two sets. The fulcrum 
and rami go together and arc collectively termed incus, whereas the 
unci and manubra arc called the malleus. 

fulcrum *| u nci 1 

and V incus and S malleus 

rami J manubria J 
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Fig. 209. Mastax of rotifers. A, malleate type ; B, virgate type ; C. ramate 
type ; D, incudate trophi. 1, fulcrum ; 2, ramus ; 3, uncus ; 4, manubrium ; 5 
adductor rami muscle ; 6, abductor rami ; 7, cauda of manubrium. 

The fulcrum is the median usually thin posterior plate-like piece 
lying in the sagittal plane of the body. The rami extend forward from 
the fulcrum (Fig. 209) and arc usually thicker triangular pieces with the 
apex directed in front. The unci arc pieces that lie along the anterior 
tips of the rami with their long axes transverse to those of the ran* 5 
The manubria are elongated pieces attached anteriorly to tl-* outc . r 
•ends of the unci and extending backward somewhat paraF* c ? lair ^* 
Their pointed ends are called caudae and are directed posteriorly. 

Several different types of trophi are found different rotifers. 
Their structure is correlated with the mode of feeding of the animal. 
The most primitive among these is ( a) the malleate type (Fig. 209A). 
In this all the pieces arc relatively stout and strong. The rami are smooth 
(not toothed) on their inner margins; the unci are curved plates bearing 
on their inner face several prong-like teeth. This serves for chewing 
but may also assist in grasping. Such a mastax is found in Epipbancs 
and ftraebionus, etc. 

(b) The virgate type is the other important one, in which the 
fulcrum and manubria are rod-like, rami are broad triangular plates 
and unci bear only one or two teeth (Fig. 209 B). In this case there 
is an additional organ the piston or hypopharynx, a muscular mass 
in the centre of the mastax. By the action of this suction is brought 
about. The piston is supported by the broad triangular plates of rami. 
The anterior dorsal wall of the mastax carries additional cuticular plates, 
the epipharynx, that support and stiffen the wall of the mastax. Such 
trophi are found in Notommata and other raptorial forms. 

18 
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(r) The remate type is stout with reduced fulcrum and manubria. 
The unci are large plate-like whose surface is provided with several 
parallel ridges. They perform masticatory movements. Such a mastax 
occurs in bdclloid rotifers (Fig. 209 C). 

(d) The forcipate type is another in which all the pieces are slender 
and elongated. The curved rami form with the fulcrum a foreccps-likc 
structure with their sharp tips closely approximated to the rod-shaped 
pointed unci. They protrude from the mouth to grasp the prey and 
occur in Dicmnopborns. A modified form of the forcipate type occurs 
among asplanchnids and is employed to grasp the food organisms. The 
structure is forceps-like, though stouter with rudimentary manubria. 
Such a mastax is known as the incudate type (Fig. 209D). 

The lumen of the mastax is lined by cuticle and is ciliated only in 
the current feeding forms. Epithelium forming the wall is wholly 
syncytial or partly syncytial and partly cellular. It is this c P lt ^ ell fj m 
that secretes the trophi. The muscles of the mastax are simply hbriilar 
extensions of its cytoplasm. 

Associated with the mastax wall arc found the salivary glands 
(absent in many). They are 2-7 in number and arc uninucleate or 
syncytial masses with granular or vacuolated cytoplasm. Usual!) 
there is a ventral pair of such glands. The ducts from these e Ian s 

open anterior to the trophi and their 
secretion is probably digestive or it 
may help ingestion of food. 

The oesophagus follows the 
mastax ( Fig. 210). Its length varies 
in dilTcrcnt types. Internally it may be 
smooth or ciliated. Its wall is syncytial 
and its opening into the stomach is 
guarded by sphincter. No glands 
are present in the oesophagus. '1 he sto¬ 
mach is an enlarged thick-walled sac 
(U-shapcd tube in some) the wall of 
which consists of a definite number 
(*0-45) of large granular usually ciliat¬ 
ed cells. These cells arc filled with* 
inclusions. In Bdelloidea the stomach 
wall is syncytial and the lumen is a 
narrow tube inside the syncytium. 
The stomach is provided with a mus¬ 
cular layer. Both circular and longitu¬ 
dinal fibres form a net over its external 
surface. Usually a pair of gastric 
glands occur at the junction of the 
Tig. 210 . Digestive system of oesophagus and stomach. Each gland 
a rotifer. 1, buccal tube; 2. j s svneytial having a constant number 
mastax ; 3 , oesophagus; 4 , gastric f nuc | ci an<1 0 p Cn s directly into the 
glands; 5 . stomach ; 0 . urinary " uu , 1 . ' Thc*:e 

bladder; 7 , intc'tinc; 8, anus. stomach bv minute pores. me. 
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glands are known to secrete minute droplets of enzymatic material. 
In some cases (Collothecacca) the gastric glands are situated at the 
posterior end of the stomach. 

The stomach narrows down into intestine, there being no appa¬ 
rent distinction between the two. In such cases the whole structure is 
called the stomach-intestine. In others a constriction occurs 
between the two (Fig. 210). The wall of the intestine is syncytial and 
is externally covered by muscles that cover the stomach. 

The last part of the intestine is usually termed the cloaca because 
it receives the protonephridial ducts and the oviducts. Histologically 
the cloaca is similar to the intestine. Sometimes it is constricted off 
forming a sac-like chamber and assumes the functions of a urinary 
bladder. The cloaca opens to the outside at the cloacal aperture or 
anus. 


Excretory System. Typical protonephridial tubules provid¬ 
ed with flame-bulbs x consti¬ 
tute the excretory system of the 
rotifers. The main tubules 
run lengthwise on each side of 
the body opening posteriorly 
into a common urinary bladder. 

Each tubule is often forked into 
an anterior and a posterior (Fig. 

2it) branch. Into each branch 
open ciliated capillary ducts from 
flame-bulbs. Anteriorly the main 
tubules arc often connected by a 
transverse anastomosis, called 
Huxley’s anastomosis into which 
also open some flame-bulbs. 

Usually there are two to eight 
flame-bulbs on each side. They 
open into main excretory channels 
through ciliated capillaries. The 
flame-bulbs vary in shape from 
a tubular to a flattened triangular 
form and each contains a mem- r,„ on c „ . 
branelle of fused cilia that keeps Rol J a B^kemh rt)X 7 uchla£ 

on moving constantly. Some- (after Stoszberg). 1, flamebulb; 2 
times several delicate protoplas- ? p il U 7 \ 3 * tubu,c J trochal disc; 
mic strands arise from the thicke- f-j HuxIc X 5 anas,0m «» ; 6, rostral car- 
ned cap-like end of a flamcbulb 

and connect it to the body wall, badder. ^ 

S ome bulb s, on the other hand, bear external flagella. Posteriorly 

1 Tt.ey are eal'ed "flame-bullM” and not "flame-cells” because they are pans 
ol a nephndial syncytium and donot have separate nuclei of their own. They ate 
mere channels in a nephndial syncytium often provided with scattered nuclei. 7 
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the tubules open into the cloaca separately or by 
(Bdelloidca) that finally opens to the outside. 


a common stem 




Fig. 212. Nervous system. A. nervous system of Lindia ; B, section through the 
brain of a rotifer showing cerebral e>es; C. brain of Epiphonrs ; D, caudovesicular 
complex of Epiphann. I, brain; 2. anterior sensory nerves; 3. dorsal antennary 
sensory nerve ; 4. motor nerve to dorsal retractor ; 5, dorsal retractor; o, ring rouscics, 
7 . pharyngeal nerve ; 8. mastax ganglion ; 9. geniculate ganglion ; nerve 10 ?“ l " c 
gland ; 11, scalar nerve; 12, main ventral nerve cord ; 13, nephndial branch , l*. 
point indicating the place of lateral antenna ; 15. nerve to sphincters of the duett of 
pedal gland; 16. caudovesicular ganglion; 17, caudal antenna ; 18, anal sphinde 
nerve; 19. c>e: 20 urin-.ry bladder; 21, foot; 22, caudovesicular complex, 23, 
pedal glands; 24, toes. , i.i,. 

Nervous System. The nervous system is more or less UK 

that of a turbcllarian flatworm. The brain is a bilobcd mass (Fig. *»*). 
which may appear rounded triangular or quadrangular body, ly«ng dorsa 
to the mastax. It is composed of a central fibrous mass surrounded by 
a cortical layer of ganglion cells of four types differing in, s.z<land nudear 
details. A number of sensory nerves (paired) connect the brain with 
various sensory organs of the head W? ., the eyes sensory bristles dorsal 
antenna, and rostrum, etc. The brain also sends motor nerves to the 
anterior parts of various muscles and to the salivary glands. 

The complicated masticatory structure, the mastax, is supplied by a 
pair of pharyngeal nerves that also innervate the mastax musculatu . 
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In the mastax a loose unpaired mass of nervous tissue lies in the mid- 
ventral wall. This is the mastax ganglion and was formerly thought 
to correspond with the subenteric ganglion of annelids. From the 
mastax ganglion arises a visceral nerve and passes into the digestive 
tract on each side. 

The main ventral nerve cords are two and are ganglionated. They 
spring from the sides of the brain and proceed backward into the foot 
in a latero-ventral position. They bear an anterior ganglion near 
the brain and further posteriorly another ganglion the geniculate gan¬ 
glion from which arise a number of nerves. These include (/') the lateral 
sensory nerve to the lateral antenna on each side, (it) the scalar nerve, 
a longitudinal nerve to the ring muscle-bands of the trunk, and has a 
ganglion cell for each muscle-band; (Hi) a nerve to the coronal sphincter 
(ip) minor branches to main longitudinal retractors (that may or may not 
arise from the geniculate ganglion). All these nerves may sometimes 
arise directly from the ventral cord. 

Posteriorly the ventral cords terminate in ganglia supplying the 
urinary bladder and the foot by the vesicular and pedal or caudal 
ganglion respectively. Sometimes these ganglia arc fused in one mass, 
the caudo-vesicular ganglion (Fig. 212). 

Sensory Structures. The rotifer body is richly supplied with 
sensory structures particularly on the anterior end of the body. These 
include the sensory styles which are single stiff bristles situated near 
the inner edge of the circumapical band. They may be dorsolateral, 
lateral or ventrolateral according to their positions. The sensory styles 
of the apical field are the apical styles whereas those near the mouth 
arc the oral styles. Below each there is a nerve cell that conveys sensory 
fibres to the brain. They are tactile in nature. Ciliated pits are other 
sensory structures situated on the apical field. They arc paired and 
arc simple ciliated depressions probably chcmorcccptors. Conical 
finger-like palps tipped with sensory hairs arc other sensory structures 
of the apical field. 

The ocelli or red pigment spots arc common in Ploima, Bdel- 
loidea and free-stages of the sessile orders. The ocelli are sometimes 
double (usually single) embedded in the dorsal or ventral surface of 
the brain (Fig. 212 A). Each consists of a single cell resembling a brain 
cell in the simplest forms. The lateral and apical eyes are epidermal 
cushions with one or more nuclei. The red pigment is located inside 
the optic cell or the epidermal cushion. Sometimes a lens-like structure 
may also be present but the same is not cuticular. 

Reproductive Organs. The sexes are separate and in the majo¬ 
rity of forms the males are smaller than the females and appear only 
in the breeding season. The males may be as much as one-tenth of the 
females. In appearance they resemble females but present reduction 
in internal structures. The female gonad consists of a syncytical ovary 
(Fig. 214 A) in the majority with a syncytial vitellarium, both surrounded 
by a common membrane (hence called germovitellarium) that continues 
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Fig. 2 13. Copulation in Ajplanehna. 

I, protoncphridiuin ; 2, testis ; 3. cor¬ 
onal matrix ; 4. mast ax : 5, oe.ophagus; 
6, stomach: 7, gcrmovitcllarimn : 8. 
CMS ; 9, lateral antenna ; 10, oviduct ; 

I I , prostate gland ; 12. dorsil antenna ; 
13, corom ; 14. coronal sphinc:er. 


Fig. 214. A. germovitellariucn of a 
rotifer: B, male sxstem of another. 1, 
developing egg : 2, Iceding tube from 
vitcll-rium ; 3. ovary ; 4. vitellarium ; 
5. sperms : 6. testis ; 7, rod sperms; 8, 
sperms duct ; 9, prostate glands. 


to the cloict as a simple tubular oviduct. Gcrmovitcllaria and oviducts 
arc paired in the bdclloids; whereas the Seisonacca have paired ovaries 
without vitclUria. The male gonad comprises a single large sac-like 
testis (Fig. 214 B) which has a ciliated spermduct opening at the gono- 
pore (the cloaca is lacking in males). Into the spermduct open a pair 
(sometimes more) of prostate glands. The posterior end of the sperm 
duct is evertiblc, acting as cirrus. The cirrus is lined with hardened 
cuticle. In some cases the spermduct bears a cuticular tube that is 
protrusiblc and acts as a penis. 

Copulation. Copulation by the insertion of the copulatory organ 
into the cloaca occurs only in a few rotifers (Fig. 21 $). In the majorit), 
as a rule, the sperms are injected through the bodvwall into the pscudo- 
coel. This has been described as hypodermic impregnation. 

The egg, as it matures, constricts off from the syncytial ovary 
by a delicate membrane that comes to lie in contact with the vitel¬ 
larium. Later the edge ruptures, and the edges at the rupture turn back 
into the egg forming a feeding tube through which the nour,sl *“*“ t 
passes into fhe developing egg. Eggs are laid on the subs ra um or are 
Ituck to the bodv of the female (Fig. 219 D) or to other animals. Each 
f-male can lay only a fixed number of eggs. This number correspon 

they arc called amictic eggs. 

' The sperms are of .wo types: (i) typical sperms with large rounded 
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or oval herds an! a tail provided with an undtda'infi membrane; and 
(//) typical sperms in the form of rod-shaped bodies ( !,• I J 

Ferlilizatioi. The sperm penetrates the egg w j|® u , * ishment 
immature. The e S g then grows larger and receives mo bc „ mcs 

from the vitcllarium. Later on, it changes in c » . 

hairy and thick and often ornamented, spiny, warty or g 



H' 

215 . Development of rotifer. A. rotifer sperms; B, lemale system ol 
A.hinnrhna , C. 7\eoie;D, 2 cleavages produce 4 -ccll embryos; E, ten-cell stage ; 
F* 7 16 -cell stage* in which the celb of D-quadram arc arranged below and others (A.C) 

‘ * seen from side ; G. further stage ol 35 celb. an mvagmauon of celb of D-quadrant 
hat hetrun • H section through the embryo after mvagmauon (BO after Tannreuthcr, 
HafmrN^twav 1, rod sperm ; 2. normal sperm ; 3 , ovary ; 4 . yolk gland; 5 . 
maturing egg; 0 . embryo in the oviduct; 8 shelb ; 9 , primordial germ cell; 10 . 
Inother'cellof ovary ; II. vitcllarium mother cell. 

Development. The development of a typical rotifer has not 
been studied up to now. Here an account of the development of 
Asblanchna has been given after Nachtway (1925) The egg divides 
into four blastomcres A. B, C, D; of these D is the largest (Ftg. 215 D) 
and cleaves more rapidly. Further divisions produce a ten-cell 
embryo consisting of two tiers of cells among which those formed 
b v the division of D arc four in a row. the lowest of which is again 
the largest forming the vegetal pole. This cell is the primordial 
s 'X-cell as such, as the development proceeds it passes into the interior 
and becomes surrounded by other cells. Formerly this cell was wrongly 
called the endoderm cell, but in Asplancbna there is no endoderm for- 
mation or gastrulation. 
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The primary germ cell is distinguished from other balstomeres 
by being full of a cloud of granules or ectosomes. It first gives oft 
two minute cells and then divides into two equal cells. The posterior 
one of these receives the ectosomes and becomes ovary at a later stage. 
The anterior one forms a syncytial vitellarium. All other organs come 
from the surface layer of blastomeres that continue to divide. The 
vegetal pole becomes the anterior end and the animal pole (determined 
by the polar body) is the posterior end. D-quadrant cells are ventral 
A-, B- and C-quadrant cells constitute the dorsal and lateral regions. 

As is evident from the above the early cleavage pattern suggests 
the determinate spiral type of development, but the later stages present 
bilateral symmetry. Due to these and many other peculiarities the 
development of rotifers cannot be compared with that of any other 
invertebrate. The bilateral pattern, as found here, exists only in the 
Acanthocephala. 


At the time of hatching the gametes of the free-swimming forms- 
look like adult in form and grow to sexual maturity in a few days. Males 
are sexually mature at birth hence remain small throughout. Lorica of 
so nc forms is a postnatal structure being formed after birth. In sessile 
ro ifers females hatch as free-swimming juveniles and arc like typical 
rotifers in form, having a short foot terminating in a tuft of cilia* 
unlobed head, two eyes and a simple circumapical band of cilia. On. 
attachment eyes degenerate, the foot loses cilia and elongates to form a. 
stalk. 


Affinities. The rotifers have been linked with all invertebrates- 
especially with the arthropods and annelids. The arthropod relationship- 
is based upon the fcscmblancc of Pedalia (Fig. 219 C) with the arthro- 
podan types. Pedalia has movable bristle-bearing arms apparently like 
those of the appendages of a crustacean larva. This view was later on. 
abandoned in favour of Hatschck’s trochophorc theory, because Pedalia 
is a highly modified rotifer and to prove affinity the relationships shouldi 
be studied between primitive forms. 

According to the Annelida theory the rotifers arc compared with 
the trochophorc larva of the annelids and are considered as annelids- 
that have remained in the larval stage. Trocbospbaera , a rotifer, is the 
basis of this relationship. In structure Trocbospbaera (Fig. 217) has many 
things in common with the trochophorc larva,—ciliary girdles, bent 
intestine and excretory organs resemble topographically in both the- 
types. Again Trocbospbaera is not a primitive but a highly modified 
rotifer and cannot be regarded as a basis of relationship. This theory 
has, therefore, been abandoned. 

The embryology of rotifers (whatever has been studied) shows that 
the rotifers arc lowly organised animals and not derived from retro¬ 
gression of higher forms. The anatomy points to their origin trom 
some lowly organised creeping bilateral form such as a primitive flat- 
worms. It has been pointed out earlier that the rotifer corona has 
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originated from ventral ciliation as found 
formation of the cuticularized trophi also 
occurs in the Turbellaria. The excretory 
system comprising protonephridia is prac¬ 
tically identical with that of the rhabdo- 
coels. In fact the protonephridial system 
alone precludes the derivation of the 
rotifers from any higher group, as none 
of the latter have protonephridia with 
flame-bulbs. The female gonad consists of 
ovary and vitellarium in both the groups. 

The rotifers differ from flatworms in 
the presence of an anus and the absence 
of subepidermal muscle sheath and sub- 
epidermal nerve'plexus. Their small size 
probably makes the presence of such a 
nerve plexus unnecessary. But the ner¬ 
vous system in general has, more or less, 
the same plan in both. * 

Thus, it is evident that the rotifers 
show a greater resemblance to the Tur¬ 
bellaria than to any other invertebrate 
group. Probably they are the animals 
that link the Ncmathelminthes with the 
Platyhelminthcs. 


in the Turbellaria. The- 



Fig. 216. Scisonaea. A,. 
Seisen (after Plate); B. sperma- 
tophore ol Seison. 1. mouth ; 2, 
mastax ; 3. gland cell; 4. brain; 
5. oesophagus ; 6, stomach ; 7, 
gastric gland ; B, ovary ; 9, 

female pore; 10, oviduct; 11, 
pedal glaods. 


CLASSIFICATION 

The class Rotifera is divided in three orders, 1»/£., Seisonacca or 
Scisonida, Bdclloidca and Monogononta, of which the last named order 
includes the majority of the rotifers. Of these the Seisonacea are the 

* most primitive. 

Order 1. Seisonacea or Scisonida. Small group of marine 
Rotifera comprising one family Seisonidac and one genus Seison (Sacco- 
bdella\ Paraseison) and a few species known only from European waters. 

«, They are cpizoic marine rotifers of very elongated form with long neck 
region (Fig. 216). The corona is slightly developed, sexes are of similar 

* • size and morphology, gonads paired and ovaries with vitellaria. 

Example: Seison (Fig. 216). 

Order 2. Bdelloidea. Most familiar fresh-water Rotifera with 
retractile anterior end and corona consisting of two trochal discs and 
a cingulum. The corona can be completely withdrawn; the rostrum 
* is retractile and is not seen when the corona is unfurled. Mastax is 

* ramate (Fig. 209 C). The germovitellaria are paired occurring on 

- r cither side of the intestine. Males are wanting. The foot is often 

provided with spurs and more than two toes, the pedal glands are also 
more than two. Both swimming and creeping forms are met with. 
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\ia. 217. Trochot/hafra. female (after Valkanov. Iroin Hyman). 1, corona; 
2. nerve cell : 3. Aamr-I.ulb ; 4. reiracor muscles: 5. coronal matrix; 6. ring mu>cic» , 
7, capillary ; H, germovitcllanum ; oviduct; 10, mouth ; II, mast-x, 12, it • 
13, nephri lium ; 14. intestine ; 15. anus. 

Examples : ?bi!odina\ Habrotrocha\ Taphrocampa\ Ontario (Fig. 219 B), 

etc. 

Order 5- Monogononta. Swimming or sessile R ' ,tl _*' r * ^ 
„nc germovitcllanum; males more or less reduced with one testis. The 
order is divided into three important suborders. 

Suborder (/) Ploima. This suborder includes the majonty o 
rotifers with more normal body shape and corona ^ee .mportan 

SK'riari < numl>er > 'of^rotifers o^rma, ^ga.e form Jgjj 

srSSfiSSSJggs 

w th foot but without intestine or anus , AM.** » h “* ,n,t ‘ 
One, foot - anus and Marring ,s with anus and y^ll fooU 

Suborder (//) Flosculariacca. Scss.lc or frcc.swm.mmg --ifer.. 
with often a circular or lobed corona provided «,th trochal ana c, g 
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Fig. 218. Flosculariacca, Colloihecacea. A, Ptygura (alter Weber);‘B, colony of 
Conochilui unicornis ; C, Conochilus, sideview; D. Sirphonoctros; E, colony of Megalolrocha 
(after Surface); F, Limnios (after-Hyman); G, An aggregation of Limnias. 1, coronal 
arms: 2. pharynx; 3, stomach ; 4 . intestine ; 5 . anus ; 6, germovitellarium ; 7, egg ; 8 , 
case • 9 corona or trochus ; 10, cingulum ; 11, pedal gland ; 12, lateral antenna j 13, 
\ oung colony ; 14, gelatinous strands connecting colonics ; 15, foot stalk. 

circlets. Trophi modified ramate, foot without toes and more than 
two pedal glands. Males greatly reduced. 

Examples : Testudiuel/a (free swimming form) ; Ptjgura (Fig. 
218 A) and Urtmias (Fig. 218 F) and Conochilus (Fig. 218 B). 

Suborder (i/ 7 ) Collothecacea. Mostly sessile rotifers characterized 
Jjy the expanded funnel-shaped anterior end, central mouth; devoid 
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Fig. 219. Some t> pes of rotifer*. A, Ploesoma, a ploimate pelagic rotifer with a 
ventrally displaced foot ; B Roteria, a bdelloid rotifer; C, Ptdalia rrira, with 
movable arms tipped with bristles; D, Piatyias. a brachionoid rotifar. 1, corona ; 
2, e>e ; 3, lorica ; 4 mastax ; 5, stomach ; 6. trophi ; 7, germovitellarium ; 

B, foot ; 9, toes; 10, trochaf disc (and eye in C) ; 11, cingulum (and dorsal 

antenna in C) ; 12 , mouth ; 13. gastric glands ; 14, stomachintestine ; 15, embryos; 
16, pedal glands; 17, spure ; 18, intestine ; 19, protonephridiuro. E, Collothe- 
cacea. Collolh/ca. 1, coronal bristles ; 2, corona ; 3, mastax ; 4, trophi ; 5, 
stromach ; 6, foot. 


of definite ciliary circlet but often provided with motionless bristles ; 
males greatly reduced, foot without toes. 

Example : Collotheta (Fig. 219E) 


CLASS GASTROTiUCHA 

Definition. The Gastrotricha (Gr. gaster , belly +/ricbos t hair) 
are free-living aquatic Nemathclm nthes without corona ciliation being 
restricted to limited areas. Unsegmcnted cuticle, often provided with 
spines, plates, scales, is furnished with many adhesive tubes. Pharynx 
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is like that of nematodes and excretory organs, if present, are a pair of 
protonephridia with one flame-bulb each. 

External Features. The Gastrotricha are microscopic animals 
found in fresh and salt water. They were seen 
even by early microscopists. O. F. Muller 
(1786) has figured them though included with 
“Infusoria” (protozoans). They vary in size 
from 0.1 to 1.5 mm. In shape they are 
elongate ventrally-flattened animals and glide 
on ventral cilia like rhabdocoels. In the com¬ 
mon fresh-water form Chactonoius t the anterior 
part is marked out into a rounded head borne 
on a slightly constricted neck (Fig. 220). The 
moderately elongated trunk terminates in a fork 
posteriorly. In another gastrotrich, Macro- 
dasys, the anterior end is not delimited as a 
head and the posterior end is drawn out into 
a long slender point. Usually the dorsal 
surface is convex. The gastrotrichs arc colour¬ 
less and transparent. Sometimes ingested Fig. 220. Gastrotricha 
food may lend them colour. Cilia occur on the natural habitat, 
head lobe and also on the ventral side, which may be entirely ciliated 
(Macro da sys) or show only two longitudinal bands of cilia (< Cbattonotus % 
Fig. 22iB.) 

The surface of the body consists of a thin cuticle that forms scales 
covered over by spines, giving the familiar bristly appearance. The 
adhesive tubes are two projecting, cylindrical, movable tubes each 
supplied by an adhesive gland cell containing 1-3 nuclei forming the 
tail fork. The sticky substance is used to stick to objects. In other 
gastrotrichs there may be more adhesive tubes and variously situated. 

Body wall. The body wall consists of cuticle below which lies a 
thin syncytial epidermis. The epidermis is interrupted by the epidermal 
glands that supply the adhesive tubes. There is no subcpidermal 
musclc-shcath as in the rotifers; but there are delicate circular fibres 
without nuclei lying just next to the epidermis. The muscles of the 
movable and adhesive tubes arise from these fibres. These muscle 
fibres may take transverse direction. Longitudinal muscles are also 
present that run along the ventrolateral margins. Between the body wall 
and the viscera occurs a narrow space probably of the nature of a 
pscudocoel. 

Digestive System. The mouth is terminal, slightly ventrally 
placed and is encircled by numerous curved hooks. The mouth 
leads into a short cuticular buccal capsule, internally bearing longi¬ 
tudinal ridges (and sometimes projecting teeth). The buccal capsule 
opens into the pharynx, without a mastax, and is of elongated 
tubular shape occupying from one-sixth to one-third of the body 
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Fig. 221. Gaslroiricha. A, Chattonolus ; B, \enlral ciliation of Chcetonotus ; C, 
degestivr organs of the same; D. protonephridia of the same; E, reproductive system of 
Chaelonotus (after various sources). 1 , buccal capsule ; 2. sensory bristles ; 3 , pharynx ; 
4, stomach-intestine ; 5. cuticular spines ; 6, tail-fork ; 7. ciliary tract ; 8, pharyrgear 
plug ; 9, salivary glands ; 10 . anus; 11, adhesive gland ; 12. flame-bulb ; 13 , nephn- 
dioporc ; 14. ripe egg ; 15 , ovary * 

length. Like a nematode -jharynx, it presents one or more bulbous 
enlargements. The lumen of the pharynx is three-angled as in the 
nematodes. The pharynx leads into the midgut or stomach-intes¬ 
tine, a simple straight tube without external glands. The anterior 
portion of this tube is wider, presumably stomach, and the posterior 
portion is narrow (intestine) but the two portions are not separated 
externally or internally. The anus is situated between the bases or 
the tail fork (Fig. 221 C). 

The food of gastrotrichs comprises bacteria, protozoans, diatoms 
and other minute organisms. Nothing is known about their digestion, 
apparently it takes place in the mid-gut lumen. They keep on moving 
about seeking food rather continuously, but some chaetonotids are saia 
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to attach by adhesive tubes of the tail-fork and collect food much as 
the rotifers do. 

Excretory System. On either side of the middle part of the diges¬ 
tive tract is situated a single non-nucleatcd flame-bulb having long flame 
(Fig. 221 D). A much coiled tube leads from each flame-bulb and opens 
separately on the ventral side about the middle of the body. In many 
other forms there are no protonephridia. 

Nervous System. The brain is large consisting of two masses,, 
on either side of the anterior part of the pharynx, connected by a broad 
dorsal commissure. A pair of lateral nerves rise from the brain and 
extend to the body length. From the brain also arise delicate fibres 
that connect it to the sensory cilia on the head lobe. Similar sensory 
or tactile hairs, situated all over the body, arc connected to the lateral 
cords or the brain. Sensory pits are also present on the head lobe just 
behind the most posterior ciliary tuft. 

Reproductive System. Only females occur in the genus Cbattc- 
noti/s and allied fresh water forms, male system has degenerated, 
and they reproduce parthenogcnctically. The marine torms arc 
hermaphrodites. The simple ovary fills much of the body cavity, each 
of the proportionately large eggs is encased in a tough shell bearing 
hooks that fasten to material in the water (Fig. 221 E). There is no- 
larval stage. 

CLASSIFICATION 

i About noo species of the Gastrotricha arc known. The class is 
divided into two orders, one comprising fresh-water forms and other: 
marine. 

Order 1. Chaetonotoidea. Mostly fresh-water Gastrotricha (a* 
few species are marine) in which the adhesive tubes are limited to the 
posterior end of the body and are two or four in number. A pair of 
protonephridia are present and each has only one flame-bulb. Males 
are lacking only females occur and they reproduce parthenogenetically. 

Examples. Cbaetonotus ; Dasydy/es; Neodasys and Xenotricbula ,. 
the last two arc marine with male reproductive organs. 

Order 2. Macrodasyoidca. Marine Gastrotricha in which a 
number of adhesive tubes are present along the body. They are without 
protonephridia and are hermaphrodites. 

Examples: Cephalodajys, Ltpidodasys , Maerodasys and Urodasyf , etc. 

Affinities. The Gastrotricha are usually linked with the Rotifcra 
and placed under Trochelminthes. The similarities between the two- 
groups include (/) the presence of cilia, (//) the structure of integument ' 
and musculature, (///) the presence of protenephfidia with-flame bulbs. 
The differences include the specialization of Gastrotricha, the structure* 
of the digestive tract, and reproductive system. The Gastrotricha 
present many similarities with the Nematoda. They are (/) identical 
' digestive tract, (//) cuticular spines and bristles; (///) adhesive tubes; 
(/V) the lateral sense organs of the head, etc. Thus, it appears that 
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Castrotricha are more closely related to theNematoda and both together 
are related to the Rorifera and have probably originated from some 
common ciliated ancestor probably theTurbellaria. 

CLASS KINORHYNCHA 

Definition. The Kinorhyncha or Echinodera are microscopic 



Fig. 222. The Kinorhyncha. A. E(hinodt 
rella (side view); B, digestive organs of kinor 
hy nch ; C, cross-section of the kinorhynch 
through the intestinal region. 1, placids ; 2, 
retracteJ head ; 3, pharynx crown ; 4. 

pharynx ; 5, lateral spines ; 6, dorsal spines ; 
7, stomach intestine ; 8. lateral end spines ; 9, 
scalids or oral styles; 10, mouth cone, 11, 
oesophagus; 12,endgut;13, brain ganglia, 14, 
dorsolateral muscl :s; 15, intestine; 16, cuticle; 
17, epidermis ; 18, dorsal chord ; 19, lateral 
cords ; 20, ganglion of the ventral chain ; 
21, pseu Jocoel ; 22. protonephridia ; 23, 
testis ; 24, ventrolateral muscles. 


marine Nemathelminthes in 
which the body is without cilia 
and is regularly segmented and 
more 01 less spiny. The anterior 
end is retractile. The animals 
have a pair of protonephridial 

tubules. 

External Features. The Ki¬ 
norhyncha (Gr. Kinco, move- 
ment -\-rbjncbos t snout) are also 
minute animals that were known 
to the early microscopists. They 
arc less than 1 mm. in length ana 
have a segmented body made 
up of 13 or 14 joints or zoni- 
tes. The segmentation is super¬ 
ficial like that of the Acantho- 
ccphala or Ncmatoda. The body . 
surface is without cilia and 
consists of a thick cuticle cover¬ 
ed by various spines and other 

similar cuticular-specializations. 
The elongated body is divisible 
into a spherical, head connected 
by a neck to the jointed trunk. 
The head is retractile and can 
be withdrawn into the second 
and third zonitc. The head bears 
a central terminal mouth and 
5—7 circlets of posteriorly 
directed spines. 

Body wall. The body 
wall comprises the cuticle be¬ 
low which lies a more or less 
syncytial epidermis, that forms 
longitudinal chords similar to 
those of nematodes. The 
muscular system is like that 
of gastrotrichs or rotifers and 
is arranged in relation with 
the body segments. Both 
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transverse ring muscles and longitudinal muscles are present. The 
muscle fibres are inserted on the cuticle directly, all arc nucleated and 
cross-straited except the ring-muscles of the head and neck (Fig. 222 C). 

The digestive system is like that of gastrotrichs and nematodes. 
The mouth opens into a conical buccal cavity lined by a syncytial epi¬ 
thelium. The buccal cavity leads into the pharynx, a muscular fusi¬ 
form body the lumen of which is three-rayed in some and rounded 
in others. The anterior end of the pharynx bears a cuticular ring 
bearing teeth-like structures that project into the buccal cavity. The 
harynx is externally surrounded by xo longitudinally disposed muscle 
ands. The remaining alimentary canal comprises a slender tubular 
oesophagus, stomach-intestine and the hindgut. The stomach- 
intestine is without cuticular lining or gland cells, and is covered exter¬ 
nally by loose net of circular and longitudinal muscle fibres. At 
the junction of the oesophagus and stomach are found two or more 
pancreatic glands, also called salivary glands. The hind-gut follows 
the stomach intestine and leads to the terminal anus, situated in the 
last zonite (Pig. 222 B). 

The pscudococl is spacious between the body wall and the ali¬ 
mentary canal and is filled with a fluid containing numerous active 
amocbocytes. 

Excretion is brought about by a pair of protonephridia, which 
lie in the tenth zonite, on cither side of the 
* gut. Each consists of a flame bulb with a 
long flagellum followed by a short tube that 
opens on the side of the eleventh zonite at 
the nephridiopore (Fig. 225). 

The nervous system lies in close contact 
with the epidermis. The brain encircles the 
base of the mouth cone forming a circumen- 
teric ring. From the nerve ring springs a 
ventral ganglionated cord that runs in the Fig . 2 23 . Protonephridia 
mid-ventral line just in contact with the of Kinorhyncha. 1 , doreo- 

epidermis. The organs of special sense of ventral muscles; 2 , fllagel- 

, the kinorhynchs include the eyes, in Ecbino- lum *’ 3> P^tonephridial duct. 
deres, and the sensory bristles. Each eye is a cup-shaped mass of red 
pigment enclosing a lens-like body. 

Reproductive System. The sexes are separate though the males 
and females are exactly alike. The gonads a^e a pair of sac-like syncytial 
bodies opening separately on the thirteenth zonite. At the anterior end 
^ of each gonad is found an apical cell that gives rise to the other cells of 
the gonad. It is during development of the sex-cells that the changes 
are apparent. The ova differentiate from the syncytial mass of nuclei, 
that is the ovary, and absorb nutritive material. The sperms arise 
similarly and attain usual shape with a broad elongated head and a short 

*9 
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tail. The laid eggs are unknown hence nothing is known abouti 
embryology. Sexual reproduction appears to occur all the year round. 
The eggs hatch into larvae different from the parents and undergo ai 
metamorphosis before attaining the adult form. 

Examples of the class are Echinodtrts , hcbincdtreUa, Centre dirt s~ 
There arc about 100 species and all are marine, the known species- 
have been collected chiefly on the European coasts. 

Affinities. Ever since their discovery by Dujardin in 1801 tie 
Kinorhyncha have been linked with various groups, 1»/^., ccpepcds, 
sipunculids, acanthoccphalans, rotifers and nematodes because of seme 
anatomical likeness or the other. They have been even linked with 
the arthropoda or considered as connecting forms between annelids and 
arthropods, because of their apparent segmentation, molting and general 
similarity to an insect larva. Their segmentation, however, is superficial' 
like that of nematodes; and differs fundamentally frem the annelid- 
arthropod segmentation. Absence of a coelom, absence of a definite- 
muscle layer in the body and intestinal wall, presence of protonephridia- 
and the association of the nervous system with the epidermis shows, 
a lower grade of organization. All these are found in the Ncmat- 
hclminthes. Strong affinity to nematodes is seen in the anatomy 
of the digestive tract, the division of the epidermis and musculature 
into longitudinal chords, the circumenteric form of the brain, the 
presence of a single midvcntral nerve cord, the molting of the cuticle in* 
the larval stages and the copulatory spicules in the male. The pharyrx 
is also similar in these groups. Thus it is apparent that the Kinorhyncl a* 
appear to be close relatives of the Nematcda. They also show seme 
gastrotrich similarities but cannot be derived from either. 

CLASS NEMATODA 


Definition. The Ncmathclminthcs in which cilia and flame-cells 
arc absent and four main longitudinal epidermal chords prjocct into 
the pscudococl. The pharynx is three angled. The gonads are single 
or paired tubular structures opening into the recti m in the male ai c 
independently in the female. 

General Characters. The nematodes or roundworms are lor g 
cylindrical animals (circular in cross section), mainly with lu6 “0 ,ni 
or filiform body. The fusiform individuals arc like eiergau 
spindles with generally more tapering posterior end. Filiform 
are thread-like forms almost of uniform diameter. These look 1,k * 
animated bits of fine thread, that is why the namc Ncmatoda has been 
derived from the Greek word (thread). This ,s a large class 
containing a variety of types living in a most every- tjpeof 
they are aquatic, terrestrial and parasitic. A /P^/ uf of 8? r * n 
soil mav have millions of them; they occur in every type of ^ater, lake., 
ponds, streams and ocean. Some roundworms occupy y P 
niches. They can easily be distinguished by their chatactens i 
thrashing movements. The free-living forms are generally white or 
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yellowish or transparent. In fact the nematodes on the whole lack 
coloration, the yellowish or pinkish tint seen is due to the coloiation 
of the cuticle. Free living forms are usually small in size below 1 mm. 
in length, among these the fresh-water and terrestrial forms are hardly 
within a couple of millimetres but the marine forms rise upto jo mm. 
The parasitic nematodes attain considerable size. Some (Dracuncttlus 
medinensis , the guinea worm) may attain a metre or more. In these cases 
the females are generally longer than the males. 

The body is not delimited into regions and a distinct head is lacking 
though the term is applied to the anterior portion for convenience. The 
ventral surface is indicated by the presence of the excretory pore and 
the gonopore in the mid-ventral line and the anus. The mouth is sur¬ 
rounded by three or six lobes, the lips or labia, bearing rows of sensory 
labial papillae. The surface of the body is smooth in parasitic forms 
but often presents a variety of cuticular specialization such as bristles, 
dots or spines. In some forms the cuticle on the sides of the body is 
raised to form ridges, the lateral alae, that act like fins and assist in the 
cel like swimming movement. In some these ridges are restricted to 
the neck region (cervical alac) alone and in some they arc in the tail 
region forming the caudal alac. 

TYPE ASCARIS 


Ascaris lumbricoides is a common parasite of the human intestine. 
In fact about fifty different species of round worms have been found 
in man, but only about a dozen of these are common parasites. Some 
are harmless and do not even make their presence known, while others 
cause mild or very serious diseases. Ascaris lives in the intestine in the 
adult stage and is relatively harmless. Sometimes they occur in large 
numbers and block the intestine completely causing even death of the 
host. 


Form of Body. The body is elongated cylindrical, pointed at 
both ends. The body surfaces arc marked by narrow white lines. The 
dorsal surface has a dorsal longitudinal line, the ventral, ventral longi¬ 
tudinal line, whereas, the sides have relatively deeper lateral longitu 
tudinal lines. The mouth is at the anterior tip ofthe body and is bounded 
by lines lips, one median dorsal and two vcntro-lateral Each lit> 
retains three labial papillae one single and two double, other* head sense 
organs are absenti(Fig. «4 A). The excretory pore is a minute aperture 
on the ventral side about two millimetres from the anterior encL The 
anus is also ventrally situated and is a transverse opening near the p 0 s- 
tenor end ofthe body. In the males it serves as a reproductive aperture 
also as such a pair of bristle, ike chitinous p enia l setae project £ it 
(Fig. 114 C) The body of the male on the whole is smaller and the 
posterior end is curved ventralwards. The body of the female is large 
and the genital pore lies in the mid-line about one-third of the worm’s 
length from the anterior end. 
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A. face view of Ascoris showing lips. B, Kttenor 
D, tail end, female ; E. dissection of Asccns 
dorsal lip ; 2, sub ventral or laterovcntrai 
apillae ; 5, ventral groove ; 6', pharynx ; . 

lateral line; 11, vagina; 12, 

__.. *1 a thick tough cuticle 

thick, and of albuminoid composition 
The cuticle is transversely ringed 

to the animal from outside. Beneath 
1 pcdcimis also known as syncvticaj 

It is a'soft, granular, nucleated 
limits, the nuclei alone indicate its 


Fig. 224. Aicari* lumbricoidts. 
end, ventral view ; C, tail end, male 
showing female reproductive organs. 1 
Ups ; 3, double papillae ; 4, simple po,.— . . 

penial setae ; 7, anus ; 8, mouth ; 9 pharynx ; 10 , 
uterus ; 13, oviduct ; 14, ovary ; 15, intestine. 

Body Wall. The body is covered with 
(Fig. 225), often several layers C- ‘ 
secreted by the layer underlying, 
imparting a segmented appearance 
the cuticle lies the epidermis or h; 
ectoderm because of its nature. 
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cellular nature (syncytium). It bulges into the pscudoccel at four places 
forming four longitudinal ridges, the longitudinal chords, at mid- 
dorsal, mid-ventral and lateral positions. Of these the lateral ridges 
are more prominent and shew on the surface as faint pale lines. I n 
most nematodes the chords arc better developed anteriorly and tend to 
diminish posteriorly, the lateral chords persisting frem end to end. The 
nuclei of the epidermis are usually situated in the chords thus the epider- 



Fig. 225 . Transverse section of female Astaiis. |, nerve cord; 2 , r ssncuial 
ectoderm ; 3 . ocreiory tanal ; 4 , ovary ; 5 , longitudinal muscles"; 6, uterus ;« 7 , lateral 
line ; 8, cuticle. 

mis between the chords it devoid of nuclei. Beneath the epidermis lies 
the well-developed muscular layer consisting exclusively of longitudinal 
fibres having peculiar structure. The muscular layer is divided into four 
longitudinal bands by the ectodermal thickenings. Thus there are two 
dorso-lateral and ventro-lateral quadrants of the muscular layer. 
Each muscle cell, apparently derived frem a sirgle cell, consists of a 
fibrillar zone and a protoplasmic zone or medullary substance. Tf e 
fibrillar zone (Fig. 226), situated next to the epidermis consists of longi¬ 
tudinal bands or ribbons of homogeneous contractile substance separated 
by non-contractile material. The medullary substance consists of a 
clear, sometimes granular, protoplasm containing the nucleus, projecting 
into the body cavity often with prolonged processes. * 

Pseudocoel. The body cavity or pseudocoel is the space 
between the body-wall and the viscera. This cavity is not lined by a 
mesodermal epithelium, nor is crossed by mesenteries supporting the 
viscera. The pseudocoel is filled with fluid and usually contains 
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Fig .’26. Muscle fibre* of Keratoia. 
A, single muscle fibre ; B. transverse sec¬ 
tion of several muscle-fibres. I. nucleus; 
2, protoplasmic portion ; 3, contractile 

sul»stan:e. 


fibrous tissue and fixed cells or nuclei. Distinct cells arranged more 

or less in rows may also 
occur usually along one or 
more longitudinal chords. 
These cells arc termed pseudo- 
coclocytcs and arc connective 
tissue cells reported to be pha¬ 
gocytic by some and by others 
to have an oxidative function. 

Digestive System. The 
mouth is terminal and is 
hounded by lips carrying papil¬ 
lae acting as sense organs. The 
mouth leads into a narrow 
buccal cavity which opens into 
the pharynx which is usually 
called the oesophagus. The 
pharynx acts as a suctorial tube 
internally lined by cuticle, pos¬ 
teriorly it is enlarged to form 
a muscular bulb-like portion. 
The lumen of the pharynx is 
triradiatc (Fig. 227). The three narrow grooves apparently divide 
lhe wall of the pharynx into three sectors—one dorsal and two 
vcntro-latcral-corresponding to the three lips in position. In me 
the pharynx exhibits rhythmic pumping movements. The pharynx 1 
bounded externally from the pscudocoel by a thin membrane, x nc 

wall of the pharynx consists of a syncytial epidermis which is traverse 

bv muscle fibres and glandular tissue, hence is not very distinct. Nu¬ 
merous radial fibres in clusters extend from the cuticle to the bounding 
membrane. Typically the pharyngeal wall has three highly branched 
pharyngeal glands, one dorsal and two vcntro-latcral. The ducts ot 
these glands 8 open into the lumen of the pharynx. The pharynx lead 
into the intestine which is a thin-walled straight tube formed of one 
layered cellular epithelium and bounded by thin cuticle extern 7 - 
walls are cellular and non-muscular. The intestinal epithelium consists 
of large columnar cells packed with inclusions and provided w«h 
rod-border (Fig. arH), -ha. are probably cilia that Ihave become 
fixed. The terminal portion of the alimentary a -short 
as the rectum that opens to the exterior at the anus. It is a short 
flattened tube having a special investment of muscle fibres wh 
i« contractile. It is lined with cuticle being proctodacal in natur • ^ 
many parasitic nematodes the rectum is provided with Jarg n'c 
ular rectal glands. The rectum in the female opens independently 
at the anus, which is a transverse slit operated by muscles. In m 
the rectum serves as a par, of gonoduc.s Thc sp«m duc, enters^ 
ventral wall of the rectum which serves as a cloaca ana i. P . 
with a spiculc-pouch that contains the copulatory spicules (F g. 9 ) 
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Fig. 227. Transverse section of Arcaris passinp thrnuot. 1 

(Pharyngeal glands; 2. dorsal chord; j. uiradfate lumen • 4 marginal fibr°« ? f 
« ateral chord ; 6. cuticle ; 7, pseudocoel ; 8, epidermis 9 ’oCn? A 5 
.layer ; 11, ventral chord ; 12, muscle fibres of pharynx. ’ ’ . P r>OX • * 0, musclc 

The food of the adult nenutod.-s living in the alimentary tracts con 
sists primarily of the intes- y acis con " 

tinal cootcnts. Some people 
believe that the ascaroids 
ingest blood, to some extent 
at least. Food is stored as 
glycogen and fats. 

Excretory System. 

The excretory system 
is peculiar in nema¬ 
todes. 1 It is devoid of 
flame-cells or cilia or any 
•current producing mecha¬ 
nism. It consists of two 
longitudinal canals (Fig. 230) 
enclosed in the lateral 
chords. In the anterior part 



Fig. 228. Transverse section of the intestine 
of Ascarxs showing rod border. 1, nucleus; 2. 
Urge intestinal cell ; 3. typical rod-border. 


In some nematodes the excretory system is not tubular as described above 
but glandular. In typical cases a single large gland cell comprises the excreto4 
system. It is ventrally situated in the region of the posterior end of the pharynx 7r 
anterior part of the intestine. The cell is called the cervical gland or £eck 

may be short or long and opens at the excretory pore. In some two 

cells are present and these instill others have elongated canals arising from them It 
is now believed that the renette presents the primitive tvoe of Mr^toL Cm / 11 
which has evolved the tubular type. VPC ° f ***** s >* cra 
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of the body the two canals are connected by a transverse 

the transverse canal 



Fig. 229. Longitudinal section 
of the posterior end of Asearit. 1, 
dilator of intestine ; 2. inteuine ; 3, 
ejaculatory duct ; 4, copu’atory 
muscles ; 5. pseudoroel; 6, sphinc¬ 
ter ; 7, cuticle ; 8. veivral nerve ; 
9, rectum; 10. rectal glands; 11. 
protractor of spicule sheath ; 12, 
spicule sheath ; 13. spicule ; 14, 
retractor muscles ; 15. genital papil¬ 
lae, 16, nerve cells. 


canal. As 
lies in the 
anterior part of the body the 

f iosterior limbs of the canals are 
ongcr than the anterior ones. 
In Ascaris limbs arc relatively 
reduced and the transverse canal 
and the adjacent parts of the 
lateral canals form a network 
which is distinct on the left side 
where it contains the single 
nucleus of the system. From 
transverse canal, however, arises 
a common stem that leads to the 
excretory pore. It is not clearly 
understood whether the canal 
system is excretory or not. 
Some workers (Cobb, 1890) be¬ 
lieve that urea is excreted by 
the canals, but others (Mueller, 
1929) believe that excretion in 
ascarids probably takes place 
through the body wall rather 
than through the canal system. 
But it is certain that clear tranr- 
parent droplets, probably con¬ 
taining excretory material, exude 
from the excretory pore (Chit¬ 
wood). 

Respiratory System. No 
definite respiratory organs 
arc found in the nematodes. 
They respire by anaccrobic 
method by the splitting of 
glycogen, the only method 
concentration. But 


possible in the environments with low oxygen concentrauon. 
all of them utilize free oxygen if and when available. 1 he 1 g 
ascarids have the lowest oxygen requirements and are thus b«tadapc 
to environment having lower concentration of ox) gen as > 

available in parasitic habitats. 

Nervous System. The nervous system is buried *" nrc ,^ 

in the tissues of subcuticular layer. It mainly consists of a ring. In- 
m the tissues rncircline the pharynr and connected 

circumentcric rmg C g. 3 )» hich longitudinal cords arc givco 

SM££}.srte JS%£ 


PHYLUM NEMATHELMINTHES (ASCHELMINTHEs). 


. ^ 



Fig. 230. Excretory sysiem. A, Rhabcias with two-cc'.lcd renette; B, renette- 
with ampulla ; C. H-sy»em of Ascaris ; D. typical H-system. A. and 13, 1, lips ; 2, 
buccal capsule ; 3 , phirynx ; 4. brain; 5 ex< reiory pore; 6, renette cell; 7 % 
phary ngeal bulb ; 8, intestine; 9. nucleus of reoetxe; 10, ampulla. C and D, 1,. 
excretory r ore ; 2. common canal; 3,-anterior .canal; 4. posterior-canal ; 5,. 
network of transverse canal; 6, nucleus. _ „ 

eanglia behind the laterals, and a pair of postvcntrals behind the 
ventral. The lateral ganglia correspond to the cerebral ganglia of 
other animals. The various ganglia are close to the,ring and are con¬ 
nected with it or each other by short commissures. Anteriorly there- 
are six longitudinal nerves (Fig. 251) supplying the sense organs of 
the head. There arc eight posterior cords, a median ventral (largest) 
a median dorsal (next in size), two laterals and four sublateials. 
These longitudinal nerves are connected with each other by asymme¬ 
trically placed transverse connectives at intervals. Another charac¬ 
teristic of Ascaris (and of other nematodes) is that the nerve cells 
are constant in number, location, shape and course of their fibres. 
Thus each ganglion contains a fixed number of cells. 

Sense Organs. Parasitic nematodes lack sense organs like s en- 
sory bristles and papillae with which the free-living nematodes are: 
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abundantly provided. The only 



Fig 231. Nervo'H 5>vem o' At oris. 

1, serv»ory pa| iUac; 2. papillary nerves; 3, 
amphidial nervei ; 4. papillary ganglion; 

5, am| hidial ganglion ; 6. nerve ring ; 7. 
parts of lateral ganglia ; 8. dorsal gang¬ 
lion ; 9. cervical 1 apillae ; 10, ventral 
ganglia; II. dor^il nerve; 12. ventral 
nerve ; 13, dorsolateral nerve ; II, ven¬ 
trolateral nerve ; 15. dorsoventral connec¬ 
tives ; 1G. ganglion of ventral nerve. 

papillae arc supposed to be of tactile nature 


sense organs found in Ascaris are 
the labial and cephalic papillae 
borne by the lips. These papillae 
appear as circular grooves on the 
surface perhaps because the cuti¬ 
cle covering the sensory structure 
is thinned out. The main structure 
of each sense organ (Fig. 232) 
consists of a stout nerve fibre that 
ascends towards the surface, nar¬ 
rows and terminates beneath the 
cuticle in a bulb-like ending. 
Shortly before it reaches the under¬ 
surface of the cuticle each fibre 
presents a region that stains inten¬ 
sely and each nerve fibre is accom¬ 
panied by two cells, an inner 
supporting cell that surrounds 
the fibre, and an outer supporting 
cell surrounding the inner one. 
This description applies fully to 
a labial papilla and partly to a 
cephalic papilla in which addi- 
tionallv a canal passes from the 
subcuticular lens-shaped structure 
to the surface (Fig. 232 C). Along 
the centre of this canal runs a 
nerve fibre. Ascaris is further 
provided with genital papillae 
which are wart-like elevations of 
greatly thinned cuticle with a cen¬ 
tral circular opening. In other 
respects it is similar to the cephalic 
papilla in structure. All these 


Some parasitic nematodes have characteristic glandulo-scnsory 
organs, the phasmids, which are a pair of unicellular glands that open 
to the outside by a pore on either side of the tail. The free-living aquatic 
nematodes have amphids or lateral organs situated on the sides of the 
anterior end. They are cuticular excavations, mainly of three shapes, 
at the bottom of which are located nerve endings. In shape they may 
be spiral, circular or sickle-shaped. Besides all these the free-living 
nematodes also possess eyes located on the sides of the pharynx and 
usually consisting of a cuticular lens-like body resting on a pigment-cup. 

Reproductive System. The sexes arc separate. The gonads 
are tubular, the tubes may be single or double and often much coiled. 
The generative products are developed at the upper end of the tube. 
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Fie. 232.—Papillae of Nematoda. (After Hyman). A, outer labial papilla 
of Asearis : B, genital papilla of Asearis ; C. ccpha'ic papilla of Asms. ), cuticle; 

2 canal ; 3. nerve fibre ; 4. pigmented region ; 5. papillary nerve ; 6. supporting 
cell ; 7, lens-like thickening ; 8. pigmented region ; 9, papillary nerve ; 8, accom¬ 
panying cell. 

The male generative organ (Fig. 233) consists of an unpaired coiled 
tube occupying a considerable portion of the pseudocoel. The germinal 
'/one of the tube lies at the blind free end and is known as the testis, 
as it proliferates the male germ cells or sperms which are amoeboid in 
0 this case. The sperm-duct (vas deferens) is single continuous with the 
surface epithelium of the testis. Posteriorly the sperm duct is widened 
and somewhat muscularizcd to form the seminal vesicle. Finally the 
terminal part is more heavily muscularizcd forming the ejaculatory 
•duct (Fig. 233) which continues to the posterior side and meets the 
rectum. All these divisions of the testis are continuous, and a sphincter 
may occur at its junction with the rectum. For copulation each male 
is provided with a pair of copulatory spicules that are lodged in a pair 
of muscular pouches, the spicule pouches (Fig. 233 C). The spicule 
pouches are formed as dorsal evaginations of the cloacal chamber and 
they themselves secrete the spicules. In some nematodes the walls 
of the spicule-sacs are provided with special cudcular structures to assist 
the spicule properly. The dorsal wall of the spicule pouch is provided 
with the gubcrnaculum (Fig. 23 3E), and the ventral wall (in-Strongy- 
loidea) is provided with another piece, the telamon (Fig. 233 D). Both 
are formed as a result of sclerotization of the walls and protect the walls 
from getting ruptured during copulation; and also direct the spicules 
to function properly. 

The female generative organs (Fig. 254) are represented by paired 
* coiled tubes of the type found in the male, occupying the pseudocoel. 
The free ends of the tubes produce ova and as such are the ovaries. The 
•epithelial covering of the ovary continues behind as the oviduct which is 
slender at first. Soon it widens into a broad tube, the uterus, lined with 
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Fig. 233 . Male reproductive system of Nematoda. A male generative organs 
of Asearis ; B, nematode sperms ; C. >picule sac formation after (Seurat) ; D, telamon 
and gubemaculum of a nematode; D. spicucsand guhernaculum of a chro- 
madoroid. I, excretory pore ; 2 , excretory canal (only a | art shown) ; 3 , t<stis ; 4 , 
spicule ; 5 , anus cum gonoDore : 6. ejaculatory duct ; 7 . intestine ; 8, spirule-sac ; 
rectum; 10, cloaca; II, rectal glands; 12. evaginations to form the spicule 
pouches ; 13 , telamon ; 14 , gubernaculum. 

flat or cuboidal cells and provided with muscles. The beginning of the 
uterus functions as the seminal receptacle that stores sperms and where 
fertilization occurs. The seminal receptacle has distinctive epithelium 
provided with tall processes that almost block the lumen and apparently 
serve to phagocytize excess of sperms. The uterus stores eggs. As 
the eggs pass down they are not only fertilized, they develop shell and 
to some extent undergo embryonic development. Distally the two- 
uteri unite and form a common tube lined with cuticle. This muscu- 
larized tube is the vagina that opens to the exterior at the female gono- 
pore or vulva, which is a mid-ventral transverse slit with bulging bps, 
situated about one-third of the worms* length from the anterior end. 

Embryology. The embryology of nematodes has been quite 
well studied. The development is of such a type that the fate of each 
culls can be determined and followed from the very begimiing, and* 
efrther, there is a very early segregation of the germ cell line, in fact 
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Fig. 234. Development ol a nematode. A, 4celled stage arranged in a 
T-shaped manner ; B, laur four cell stage ; C. seven cell stage ; D. 24 cell-stage ; 
E, sagittal section through the blastula ; F, gastrulation begins as shown in cross- 
section ; G, sagittal section showing the formation of stomodaeum ; H, embryo elon¬ 
gating to attain the shape of a worm ; I. advanced embryo. 1, polar body ; 2, 
blastocoel; 3, midgut endoderm ; 4, germ cell; 5. epidermis ; 6. stomodaeum. 

at the very first cleavage. The description here given is the embryology 
of a nematode Turbatrix aeeti , the vinegar eelworm, because it is typical 
of the group. 

The egg of Turbatrix is oval bearing micropyle at one end, through 
this the sperm enters. The first cleavage is transverse giving rise to two 
cell S, (anterior) and P x (posterior) of these the posterior cell is the parent 
of the germ cell. At the second cleavage Si divides into two cells, A 
and B and Pi divides into S, and P,. In Parascaris these four cells are at 
first arranged in a T-shaped manner (Fig. 234A), but they rearrange 
and take a rhomboid shape (Fig. 234B), In this condition A is anterior, 
B dorsal, S2 ventral and P, posterior. The S, cell is the primary somatic 
cell and its descendants A and B produce the ectoderm of the entire body 
except theposterior end. The S 2 cell is cndodermal, mesodermal-stomo- 
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dacal cell. It can, therefore, be named E MSt (Fig. 234 C). This cell 
divides into two E and and MSt (Fig. 234 D). E is the endoderm cell 
and gives rise to entire endoderm which in nematodes is the mid-gut 
epithelium. MSt in subsequent divisions gives rise to M and St. M is 
the mesoderm cell and ultimately produces the body wall musculature 
and cells of the pscudocoel; it gives rise to the pharynx. As further 
cleavages take place St, M and E are arranged in order of their position 
from anterior to the posterior end on the ventral side of the embryo and 
arc gradually brought into the interior by the process of gastrulation 
(Fig. 234F). Before gastrulation begins the embryo is called cocloblas- 
tula, a multicellular embryo generally flattened dorso-ventrally and 
elongated in the antero-posterior direction. The dorsal and lateral 
walls of the blastula are formed by the descendants of Si whereas the 
flat or even ventral surface is composed of E MSt or P4. 

Gastrulation is epibolic, the ectodermal sides grow down (Fig. 234F) 
and push the ventral surface into the interior. The embryo is elongated, 
therefore, the blastopore takes the form of an elongated groove on the 
ventral side. The invaginated material forms an oval mass extending 
anteroposteriorly in the blastococl and consisting of the stomodacunv 
the mid-gut, the gonad primordia with the mesoderm on either side 
(Fie. 2x4 G). The pscudocoel of the nematodes is a persistent blasto¬ 
cocl. The process of gastrulation changes the flattened embryo into 
a cylindrical one. It continues to grow longer and longer and alter a 
little time it can be recognised as a curved juvenile worm inside me 
egg membranes (Figs. 234 H and I). 

A very important feature of the nematodes is the 
that is the cell-multiplication ceases in all organs except the ^pr°ducti 
system during late embryonic development and the number 0!: c 
or nuclei present at the time remains constant throughout the lif t n 
nematode, only amiotic fragmentation may occur in some larger specie . 
The body grows only by the elongation of existing cells. 

T ife rvrlc In Astaris the eggs arc produced in large numbers 
(two hundred thousand may be laid daily) and fertilizedI in^the Uj> p *r 
part of the uterus. As they move down they become^"closed 
chitinoid shells of warty appearance. They pass out along b i f : « 
and are deposited on the ground. There they develop rnstde the sh^^ 
into little worms which are infective to man if ,hc PP 
They develop on reaching the human not 

accidently by other direct method. On hatching h I They 

remain inWintes.inc but make a sort.jf'-^r°ugh ,be body Thjr 
burrow through the intestine into the blood vessels and arc tn 
about to various organs, become attached only in the lungs, r x 
they bore through the tissues of the lung intowhence 
into the mouth, and are then swallowed back into.the IW, ^ 

they pass into the intestine again. There they rem i . P , f They 

,0 the adult size and feeding upon ‘ h ^'P^ea subsunce that coun- 
themselves arc not digested because they sec 
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tcracts the action of the enzymes produced by the host’s digestive appara¬ 
tus If the worms die they are digested. The main damage to the host 
is done by the migrations of the young from one part to another till they 
reach the intestine finally. Sometimes they wander about the body into 
the liver, the appendix, the stomach, and even upto the oesophagus and. 
out through the nose to the horror of the surprised host. 

Control. Infection occurs among people with bad sanitary habits, 
though it may occur in the best establishments from eating inadequately 
washed fresh salad vegetables grown in soil contaminated with human 
faeces. The worms arc common where people, particularly children, 
are likely to deposit their faeces in the yard adjoining the house. The 
eggs are spread around by pigs, by the family dog, or the children or 
themselves, who finally get the eggs on their hands and carry them into 
the kitchen. Sanitary habits and sanitary laws for the disposal of human; 
faeces arc the best methods of control. 

CLASSIFICATION 

The classification of Ncmatoda is very difficult because of the varieties 
of forms and variations in character, but in recent years a considerable 
agreement and stability has been reached chiefly through the study of 
free-living forms. Long ago Cobb pointed out that every vertebrate 
animal is infested with at least one and usually with more than one kind' 
of nematode. Thus, those parasitic on vertebrate alone are estimated 
.to be about 100,000 as there arc about 40,000 species of vertebrate. Add 
to these those that arc parasitic on invertebrate and plants. On a rough 
estimate the total comes to about 500,000 species of nematodes in the 
world. All the known nematodes are divided in seventeen orders of 
which seven are mostly free-living. The free-living forms have many 
common characters. Most of them are relatively small io size (except 
mermithids), they have conspicuous sensory bristles or papillae or both 
on the anterior end in definite circles, they have relatively large 
amphids and possess caudal adhesive glands. 

Order Enoploidca. Free living chiefly marine Ncmatoda with 
smooth cuticle and typically with cyathiform amphids. The head is 
provided with six labial papillae and 10 or 12 sensory bristles 
arranged in one circle of ten or two circlets of six each. Additional 
sense organs in the form of a pair of cephalic slits are present. Excre¬ 
tion takes place through a one-cellcd renette (Fig. 230). Three caudal 
glands arc present. The female system is usually didclphic (has two 
ovaries) with reflexed ends and the males may bear few genital papil¬ 
lae. The females of the marine Enoploidca possess a peculiar system 
of tubes known as, thedemanian system (Fig. 235) after its discoverer, 
De Man (1886). The system begins as a cluster of blind cells in the 
dorsal wall of the mid-gut. From this arises a thin-walled tube that 
gives off one or two connections into the adjacent uteri. The place 
from where these connections arise is surrounded by a radiating cluster 
of gland cells called rosette. Posteriorly the tube forks and each branch. 
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is accompanied by a row of gland cells, the moniliform gland, 

- and finally each opens to the exterior bn 

the side slightly in front of the anus by a 
minute pore. 

There are several families having a 
number of genera. Some enoploids have 
spread into brackish water and brackish soil 
and thence into fresh water and terrestrial 
habitats. The non-marine forms are included 
in one family Trilobidae represented by 
genera Triphyla , TriJohns , etc. Other impor¬ 
tant genera of the marine enoploids include : 
Anticoma , Enop/us , PeIagomma y Metoncholaimus , 
Adoncholaimas t etc. 

Order Dorylaimoidca. Common fresh 
water Nematoda that have smooth cuticle and 
arc without bristles. They arc in many respects 
like the Enoploidca of which they were for¬ 
merly regarded as a family. Anterior end has 
two circlets of papillae of six and ten each. 
The buccal cavity is furnished with a protrusi- 
blc spear, odontostyle, a hallow tube with an 
oblique terminal aperture through which food 
(plant or animal juice) is suclced in. Rear > 
part of the pharynx is enlarged. Amphids 
are sickle-shaped. The main genus is Dory - 
laimtts with about 200 species. 

Order Mermithoidca. Smooth filiform 
Nematoda that are parasitic in invertebrates, 
chiefly insects, in juvenile stages. Adults 
are usually free-living inhabiting soil or water. 
The head sense organs are reduced to papil- 
Fig. 2 j 5 . Demanian syv lac and are 16 in number. The amphids may 
tem of Adoncliohimus (after be large sickle-shaped or may be small porc- 
Cobb). 1. place from which a buccal capsule is wanting. The 

the system originates;^. pha ' nyx proceeds directly from the mouth 

opening and is also peculiar (Fig. 236). It is 
slender and long apparently embedded in a 
longitudinal row of cells, the stichosomc, 
the cells of which (the stichocytcs) arc phar- 
tem , ,0. anus. yngcal glands opening into «**' 

Further the pharynx is blind, it docs not communicate with, the intestine 
although it usually adheres to it. The intestine ,s ;d resem” 

of two or more rows of greatly enlarged cells nrobab- 

The intestine is also blind and serves to nourish the adults wh eh pro 

ly do not feed. The ovaries in the females are .. wo and 

in the opposite directions. The males are smaller than the females 
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ovary; 3 , oviduct; 4 , roseue; 
5 , duct from the demanian 
system into the uterus ; 6, 
uterus ; 7 , vagina ; 3 , mo¬ 
niliform gland ; 9 . exit 
pore of the demanian sys¬ 
tem ; 16 , anus. 
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have two testes (diorchic). In the juvenile stages the mermithids are 
parasitic in invertebrates, chiefly insects, but also occur in spiders, 
crustaceans and snails. The hosts become infected either by eating 
mermithid eggs or sometimes the juvenile worms directly penetrate. 
The parasites live in the haemocoel and kill the host or at least render 
it incapable of metamorphosis and reproduction. Juvenile mermithids 
are usually provided with stylets for boring, generally lacking in the 
adults. This group is also frequently placed under Enophloidea and 
is often regarded related to Dorylaimoidea. 



Fig. 236. Mermithoidea. A, schematic figure of stichosome (after Linstow); B, 
Aganurmis, young. I, sptar ; 2 pharynx ; 3, stichosome ; 4, intestine (trophosome); 
5, breaking joint; 6, primordium of gonads. 

Important genera include Paramermis contorta parasitic in the larvae 
of the midge Cbironomus ; A gamer mis decaudata ana Mermis subnigresceiis 
parasitic in grasshoppers; Mermis nigrescens parasitic in earwigs, and 
Allomermis myrmecopbila parasitic in ants. 

Order Chromadhroidea. Aquatic (mostly marine) Nematoda 
with usually ringed cuticle heavily ornamented with bristles, knobs 
and other markings. The buccal capsule is armed with teeth and the 
pharynx is provided with posterior bulb; amphids are spiral. The 
20 
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reproductive system is double with reflexed gonads. Males provided 
with copulatory aids such a genital papillae. Lips six and papillae or 
bristles ten arranged in a circlet. 

Important genera include Cbrowadora, R icbtersia t Para(yatbelaimus , 
Spi/opborel/a, etc. 

Order Araeolaimoidea. The Nematoda with smooth cuticle 
sometimes provided with bristles. Individuals are characterised by 
the presence of four conspicuous cephalic bristles clearly marked off 
from the labial circlets which consist of papillae or reduced bristles; 
amphids, spiral or loop-like. Forms mostly found in fresh-water or 
soil. Representative genera include Plectns with a long tubular buccal 
capsule and Wilsontma with strange cuticular expansions on the head. 
Ollontcpbora , Arncolnimus t Axono!aimus > Tripy hides , Carr/acolair/ius arc 
some other notable genera. 

Order Monhystcroidea. Terrestrial and aquatic (mostly marine) 
Nematoda with smooth or slightly ringed cuticle often beset with 
scattered bristles. Ovaries double or single and males with prcanal papil¬ 
lae. Anterior end with four, six or eight bristles or multiples thereof. 
Amphids circular. Cylinfdrohiwus with long cylindrical buccal capsule 
Sipbo/io/aiwus, marine form with a buccal stylet. Tberistus and Monhy stern 
with eyes and Steineria notable for long body bristles arc various impor¬ 
tant genera of the order. 

Order Dcsmoscolccoidca. Marine Nematoda with short, plump 
bodies enclosed by heavily ringed cuticle covered with bristles. Head 
is armoured and set off from the body. Amphids are hemispherical. 
Buccal capsule is not differentiated. The chief genus Desmoscolex has 
a body provided with coarse annulations and sparse bristles, thus resem¬ 
bling an insect larva in appearance. In the genus Triccma all rings of 
the body arc alike. 

Order Rhabditoidca or Anguilluloidca. Free-living or parasitic 
Nematoda with ringed or smooth cuticle. The worms of this order 
are small sized with the head sense organs in the form of papillae. Am¬ 
phids are like small pockets. Phasmids arc present and caudal glands 
arc lacking. The pharnyx has generally two bulbs, one without valves 
internally (pscudobulb) and the other valvulatcd. Both renette cells 
and tubular canals are present, for excretion in different members of the 
group, but the system is usually asymmetrical. Female reproductive 
system is double, and the ovaries are reflexed, males with caudal alae 
that form a bursa for copulation which is aided by genital papillae. 
Spicules arc also present, they are equal and similar. The dorsal wall ot 
the spicule pouch is thickened to form an accessory piece, the guberna- 
culum, that directs the spicules towards the anus and at the same 
time prevents the cloacal wall from getting pierced by the spicules. 
The life-cycle is direct but sometimes the infective stage which is 
sheathed juvenile is transported by an invertebrate usually an Inscct - 1 
may be carried internally or externally. Sometimes the developm 
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Fig. 237. A, dung beec*e. AphoJi>n, with numerous ensheaihed juveniles attached; 
II, normal wheat grain which when attacked-by the wheat gall nematode, Anguina 
iritiri, forms a gall in the interior (C) ; D. section through a normal grain ; E, section 
through the infected grain containing a mass ol nematodes in the gall shown by 
white area in the figure. 

is completed within an intermediate host. These nematodes arc usually 
terrestrial, dwelling preferably in sites rich in organic decay (decaying 
* plants, decomposing animal caracases, dung, manure, etc.). Some 
rhabditoids are free-living inhabiting aquatic habitats. 

Genus Rhahditis has numerous species, many free-living, others 
with semiparasitic habits. Many that live in animal droppings utilize 
coprophagous insects for transport to places with new food supply. 
In some cases the transport is obligatory. Thus the third stage juvenile 
of Rhahditis coarctata cannot develop further unless transported to fresh 
dung by dung-beetles to whose body they adhere in enshcathed stage. 
They will not adhere to dead beetles. On arrival at fresh places they 
develop to sexual maturity. Some species employ different insects that 
feed on dung or rotten plant m-'erial as transporting agents. In some 
species the stage requiring tra,.. r ort is distinct morphologically. Sc me 
forms utilize other invertebrates for transport. R. rt/aupasi , for instance, 
uses earthworms. Active juveniles inhabit the nephridia. 

Some members of this order (family Tylenchidae) include most 
important plant parasites (phytoparasites). These have a buccal capsule 
armed with a spear and feed by piercing plant tissues and cells and sucking 
the juices. The pharynx in these has a median muscular bulb. Three 
genera of this type are very important. They are Tjlenchus(=Anguillulina) 
Ditylencbus , and Anguina. Of these Tylencbus is associated with fungi, 
moss and liverworts. Ditylencbus dipsaci , the stem-and-bulb eelworm 
attacks a number of plants including rye, oats, and other grasses and 
numerous bulbs such as those of lilies, onions, narcissi and gladiolus, 
etc. Anguina tritin , wheat-gall eelworm, transforms wheat grains into 
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Fig. 238. Root-knot eelworrm, Htlerot’era morioni. A—C. second-, third- and 
fourth-stage 'emales ; D, founh-staee male inside third cuticle ; E. mature female o' 
Htterodera sehaehlii ; F, root infected with the eelworin showing galls. 1, spear ; 2, 
median bulb of pharynx ; 8, g'anduUr phar> nx ;_4,“excretory duct i.S, intestine ; 
6, ovary ; 7, vulva ; 8, testis 9, eggmass. 


galls. These ^alls contain dormant young ones ihat migrate to the soil, 
as the galls soften and decay, and attack new plants. They enter the 
developing inflorescence, produce galls within which they mature, breed, 
and produce young ones (Fig. 237 B—E). 

Other phytoparasitic Rhabditoidca arc Rotyltncbus , Apbtfcnchus and 
lleterodera. Rofy/ttubus similis is found in tropical and sub-tropical 
countries and attacks roots of coffee, tea, banana, pepper, sweet potato, 
etc. ApheUnchns at true occurs on the roots of a number of plants and 
is often associated with fungus infection. The most important genus 
is He/frodera that attacks brlnjal and other food plants in tropical and 
subtropical countries. Hcterodira also shows sexual dimorphism. 
Young ones after one month penetrate the host plant by piercing and 
sucking the cell contents. On entering the tissue they usually 
produce galls within which they develop to sexual maturity. In the 
beginning they arc tender filiform but with successive moults, usually 
three the female becomes more and more plump finally assuming a 
pyriform shape (Fig. a}S). They remain within the palls, the outer 
tissues of which often disintegrate at the top through which they often 
protrude. The males develop in the same way, after three moults, but 
remain vermiform in appearance. They leave the parent gaU w a ™ cr 
through the soil to fine and fertilize females on other plants. Ultimately 
they die. The females a so degenerate after producing 200-500 c 6g s, ^J‘ n & 
their cuticle as a protective cyst for the eggs. The cysts b ^ C0 ° 1 J f • 
the soil as the infected part of the host plant disintegrates and may remain 
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there inactive for long time, even withstanding adverse conditions. 
Within them development occurs and second stage juveniles are produced. 
They escape into the soil and attack fresh plants or reinfect the uninfected 
parts of the same plant. They may live for months without feeding 
and attack fresh plants. Hc/erodera seboebtii , the sugarbeet eelworm 
attacks mainly sugarbeets and also a variety of other plants of the 
families Chaenopodiaceae and Cruiciferae. H. rostoebiwsis , the golden 
potato eelworm, attacks the plant throughout the world and is highly 
injurious. H. marioni , the root-knot eelworm, inhabits galls it 
produces in the roots of various plants such as brinjal, potato, etc. 
The females of this species deposit in the gall or outside in the soil a 
gelatinous mass containing 500-1000 eggs. The cuticle of the dead 
female docs not form a cyst in this case. These parasites exist in different 
strains or races and curiously enough, though morphologically similar, 
the members of one strain always attack the roots of plants of a parti¬ 
cular, strain only and not the other. 


Order Rhabdiasoidca. The rhabditoid Ncmatoda with compli¬ 
cated life-cycle involving vertebrate hosts (hence given the status of 
a new order). They arc mostly smooth worms without definite pharyn- 

f eal bulb. The life-cycle includes both parasitic and free-living stages 
ike the Rhabditoidea, but in this case the parasitic phase is represented 
by cither a protandrous hermaphrodite (the same tubular gonad first 
produces sperms which arc stored and then eggs), or a parthenogcnetic 
female. The cycle is of two types direct, or homogonic and indirect 
or hctcrogonic. In the direct life-cycle the eggs from the parasite give 
rise to free-living young which directly develop into parasitic forms. 
In the indirect life-cycle the egg may develop into free-living males, the 
offsprings of which take to parasitic life. In the direct cycles males are 
absent. Some of these (family Rhabdiasidae) are parasitic in the Jungs 
of amphibians and reptiles and others (family Strongyloididae) are 
parasitic in the intestines of mammals. 


Life-cycle of the common lung nematode of the frog, Kbabdias 
bufonis t has been successfully worked out. The parasite that lives in 
the lungs is a protandrous hermaphrodite with the structure of the female 
In the early phases the gonad produces sperms that are stored in the 
seminal receptacle. The developing eggs pass into the buccal cavity of 
the host and thence they arc swallowed into the digestive tract where 
they hatch into young ones that accummulatc in the cloaca and finally 
move out with the faeces. In the soilthey mature into free males and 
females. The females after impregnation produce elongated slender 
young ones within their uteri (vivipariously). The young ones with¬ 
in their mother and then escape as enshcathcd juveniles which arc the 
infective stages and must penetrate into frogs otherwise they die They 
work their way through the skin, enter the lymph channels and from 
there pass into various other organs. They mature only when thev 
reach the lungs. Sometimes the infective juveniles use snails as 
transport agents. 
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Fig. 2'*9. Some imporiaiv Ncmatola. A, female; B. male of Enlerobiut 
vermicular is (afier l.eucart). I, cephalic e'pamions ; 2. | liar) nx ; 3, end-bulb ; 4, 
intestine ; 5. ovariei : 0 . anterior oviduct ; 7 , anterior uterus ; 8. posterior oviduct ; 
9, posterior uterus : 10 . vagina ; II. \ul\a : 12 . anus ; 18 . testes ; 19. seminal vesicle. 
C. Dracuneulus me,li'ie>itn lemale ; I). tail of D. meAinensis (after Moorthx). 1 . prcanal 
genital papillae ; 2 . anus ; 3. ro>x anal papillae; 4. phasmids. F., Wufhereria bancrojti. 
lemale. I, nerve ring ; 2. mu.cular part ol pharynx ; 3, glandu'ar part of pharynx ; 4, 
vulva ; 5. ovij^ctor ; t*. vagina ; 7. intestine. 

[ Of those that live in the intestine of mammals the most important 
form is Strong \hides s/tretra/is an intestinal parasite of man and other 
mammals. It is found in tropical and subtropical countries. The para¬ 
sitic phase lives buried in the intestinal mucosa. It consists of partheno- 
"cnctic females, the eggs ol which produce slender young ones that move 
out with faeces. In the soil they develop cither into infective stages 
dircctlv or mature inn* free male- and females, which subsequently 
copulate and produce infective juveniles. Thus the cycle may be both 
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homogonic or heterogonic depending upon circumstances. The infective 
juveniles creep to favourable places where they await contact with the 
skin of the host, which they penetrate. Naturally barc-foot human beings 
walking about in the areas infected with the parasite arc liable to infection. 
They may enter the bodv directly through the mouth cavity. After 
entering into the body the juveniles enter the vascular system which 
carries them to the lungs where they undergo a certain amount of deve¬ 
lopment and then migrate through the trachea and pharynx to the gut 
where they finally live to maturity.* 

As a ruie the parasite docs not cause very serious ill-effects though 
it lives quite happily buried in the intestine. Formerly they were believed 
to be the chief agents of dysentery and diarrhoea, but now these cases 
are known to be due to other agents, strongyloids are more or less 
innocent bystanders. They are, however, reported to cause certain 
nervous symptoms. In many cases where a diseased condition is 
brought about by other causes, the strongyloids increase in number 
and make the condition worse. 

Order Oxyuroidca. Small or medium sized Nematoda of fusiform 
shape with a long slender tail in the female (males are also tailed some¬ 
times). They have three or six lips, buccal capsule is small and the 
pharynx is provided with a posterior bulb, usually valvulatcd. Excre¬ 
tory system is tubular/ Female generative organs arc single or double. 
The members of this order arc obligatory zooparasites chiefly of verteb¬ 
rates with simple life cycles involving only one host. 

The most common human parasite is the pinworm of children, 
EnUrobius (Oxynris) vtrwicularis (Fig. 239). This parasite occurs almost 
universally in children at one time or another, in temperate as well 
as tropical countries. The parasites inhabit the terminal part of 
the colon. The adult females are whitish worms about two-fifth of 
an inch and have the diameter of ordinary pin. The males arc only 
about half as large and have their posterior end curved ventrally. 1 he 
mature females filled with eggs creep out of the anus, especially in the 
•evening or at night, causing intense itching. As they come in contact 
with air they are stimulated to lay eggs, which are laid in the moist 
grooves between the buttocks. From the scratching and rubbing the 
fingers and finger-nails become infected with eggs that may be transferred 
to the mouth directly or indirectly causing reinfection. They may be 
transferred from one person to another by unclean hands. Infection 
may also occur by eating raw vegetables and other food material 
which arc polluted by the eggs. The eggs of pinworms may also be 
scattered by flies which have visited infected faeces. 

No inconvenience is felt from the presence of pinworms since they 
•do not suck blood, and seldom cause wounds in the alimentary tract, 
yet they sometimes produce reflex nervous symptoms probably by sec¬ 
retions of toxins. They may also interfere with the normal movement 
of bowels. Pinworms are believed to be the original cause of lesions 
in the appendix which culminate in the appendicitis. The intense 



A TEXT BOOK OF INVERTEBRATE ZOOLOGY 


3 12 



Fig. 240. Oxyuris tqui. A and B. shore and long-tailed females, 
end of a female, dorsal view. D. posterior end of male, side view. 


G, anterior 


itching which they produce by creeping in the vicinity of the anus is 
the most disagreeable effect of their presence. 

Oxyuris tqui, is a similar parasite, that occupies the colon and caecum 
of the horse. The females have varying tail lengths and those with 
very long tails were sometimes regarded as separate subspecies. Ripe 
females protrude from the anus and deposit their eggs around the anal 
region fastening them by a sticky secretion. The eggs develop on 
exposure to air. The advanced young ones fall off and arc ingested by 
horses while grazing (Fig. 240). 

He/erakis is another important genus of this order. The males 
have well developed caudal alae and they are parasitic chiefly in birds 
and a few species may occur in mammals also. The most cosmopolitan 
species is Heterakis gallinar, that lives in the caeca of domestic poultry 
(Fig. 241). The life-cycle is simple as in other oxyuroids. 

Order Ascaroidca. Stout Nematoda that are obligatory parasi¬ 
tes of the intestines of vertebrates. Mouth is surrounded by three pro¬ 
minent lips, pharynx is without a true posterior bulb. Excretory system 
is tubular, with reduced anterior limbs. Males without caudal alae 
but with two equal or nearly equal copulatorv spicules. The life-cycle 
in known cases is direct without intermediate host but the juveniles after 
hatching in the host intestine enter in the lungs on a migratory 
phase. The genus Ascjris formerly included nearly a thousand 
species, but is now restricted to only a few members parasitic in 
mammals. Of these the most familiar nematode is Ascaris lumbricoides 
which probably is the oldest known parasite of man. It is so large that 
it could hardly be overlooked, when passed from the body, even by 
the prehistoric people who knew nothing of parasitology. The adults 
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Fig. 241. Helerakis gaUinae. A. tail end of male ;B. ittraefij (after Thapar) 

C. Htlerakis gallinat, female (A and C. after Baker). 1. preana' sucker; 2. caudal 
alae ; 3, anus ; 4, papillae; 5. nerve ring ; 6. end-bulb of phar\nx ; 7, intestine ; 
8, anus; 9, anterior ovary; 10, ant'rior uterus; 11. posterior ovary; 12. 
posterior utems ; 13, vulva, 14, anterior patt ol pharynx ; 15, posterior part of 
pharynx. 

reach a size of 9 or 10 inches. For details see page 291 A. lumbricoides 
also occurs in apes, pigs, cattle, sheep and squirrels. These were given 
different specific names but now it has been confirmed to be A. lutnbri- 
coides. Other ascarid genera include Ntoascaris with a short glandular 
region at the rear end of the pharynx, parasitic in bovincs; Par/ucaris 
parasitic in horses ; Toxocara and Toxascaris parasitic in carnivores; 
Ascaridia having rimmed prcanal sucker is parasitic in birds. 

Order Strongyloidca. The Ncmatoda in which the wide caudal 
alae meet posterior to the tail and form a copulatory bursa, provided 
with muscle rays (in others the bursa is a simple cuticular expansion 
without muscle rays). Typically the bursa, in this group, consists 
of two large lateral lobes, each supported by six muscle rows and a 
median lobe supported by one muscle ray that may be branched and 
subdivided. Definite prominent lips are absent instead some have 
well-developed teeth pharynx is simple without bulbs or other 
specialisation, and there are no caeca of the digestive tract. The 
excretory system is tubular with which are connected two renette 
cells. The ovaries are double and opposite with highly developed- 
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muscular ovjicctors. Members 



Fig. 242. Sirong\ loi<lea. A, Aneylo- 
stoma duodenale, posterior pan of male 
(after Loou) ; li. first-stage juvenile 
(rhabdilorm) of A. duodtnale ; C, third- 
stage juvenile of the same ; D, ante¬ 
rior end of the dog-hook worm, Aneylo- 
Stoma eaninum (after Lane). I. sperm 
duct ; 2. seminal veticle* ; 3. ejacula¬ 
tory duct with glandular walls ; 4. spi¬ 
cule ; 5. copulatory nui'Cle> ; 6. 

bursa ; 7, pharynx; 8. end bulb of 
pharynx; 9, nerve ring ; 10. intestine ; 

11, pritnordium of reproductive system; 

12. anus ; 13, cutting plate with three 
hooks ; 14. lancets; 15 buccal capMile; 
10, dorsal cone; 7. renettc system ; 
18. do'sal pharyngeal gland. 

and in tropical and subtropical 


ot this order are obligatory parasites 
of the digestive tract of vertebrates, 
especially mammals. They are among 
the most harmful parasites of man 
and domestic animals. The life-cycle 
is direct, usually including two free- 
living juvenile stages. 

The most known worms are the 
human hookworms Aneylo stoma 

duodtnale (Fig. 242) and Neacter 
amerieanus. They are the most in¬ 
jurious worms that produce devas¬ 
tating effects on populations. The 
life-cycles in both the cases are 
similar. The adult Neacter ameri- 
eanns, for instance, contains some 
plates in the mouth cavity by which 
it grasps the intestinal wall and sucks 
in blood and tissues while it holds 
the host. The eggs pass out in the 
faeces and develop in the soil under 
warm and moist conditions, where 
they hatch into slender worms feed¬ 
ing mainly on bacteria. They moult V 
twice and reach the infective stage 
in which they remain ensheathed in 
the cuticle of the second moult. In 
moist conditions they move to suit¬ 
able places where they may get 
opportunity to penetrate into a suit¬ 
able host. On getting an oppor¬ 
tunity they penetrate the human 
skin, leaving their sheaths behind, 
and enter the lymphatic system, 
whence they are carried to the 
lungs. From the lungs they move 
to the pharynx and arc swallowed 
back to the digestive tract. If the 
infection tikes place by way of 
mouth they directly mature omitting 
the passage through lungs. The 
infection occurs from the habit of 
going barefoot in localities where 
the soil is likely to contain human 
faeces. Ancylos/oma dnodenale is found 
in western Europe, mainly in mines, 
areas of Asia, (including India), 
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Africa and various Pacific Islands and South America. This is known 
to cause disability among labourers working in mines throughout 
western Europe. Neacter americanus is known as “the American killer 
and is found in tropical and subtropical countries including the south 
eastern United States. Hookworm disease is generally confined to rural 
parts with adequate moisture and temperature necessary for the deve¬ 
lopment of the juveniles in the soil. The symptoms of the disease are 
widelv known anaemia, laziness, and general lack of physical and mental 
energy. These conditions lead to retardation of physical and mental 
development, so that an infected child of 15 years of age may appear 
to be only ten years old. Negroes harbour these worms but arc not so . 
susceptible to their harmful effects. 

Related hook worms of economic importance include Gaigtria 
ptichysceiis, in sheep and goats; Vncinaria sttnoetphah in dogs, wolves and 
foxes; Bunoslon/uw (=Mo» 0 <ionfus) trigonocepha/um and phl'bototmnn ,n cattle, 

etc. 

Order Spiruroidea. Mostly slender Ncmatoda of moderate size 
having two unlobed or trilobed lips (called 
pscudolabia by Chitwood). The head 
sense organs consist of six reduced papillae 
forming an inner circlet and an outer 
circlet of four double or eight single 
papillae. Buccal capsule is cuticularizcd, 

. sometimes toothed, pharynx consisting 
of anterior muscular and posterior glan¬ 
dular portion. Body shows various cuti- 
cular ornamentations especially restricted to 
the anterior end in some cases. Tubular 
excretory system lacks anterior limbs of 
the lateral canals forming a U-systcm. 

Female pore in the middle of the body and 
an ovijector is always present. The caudal 
alac arc present and are beset with papillae. 

The spicules arc two, usually unequal in 
size, dissimilar in shape. Members of this 
order are obligatory parasites in the diges¬ 
tive tract, respiratory system, nasal cavities, 
sinuses and eyes of vertebrates. The life- 
cycle is complicated involving a interme¬ 
diate arthropod host, sometimes two inter¬ 
mediate hosts. The eggs that are laid 
contain a developing young one which 
hatches only if swallowed by the inter- 

mediate host. In the body of the inter- Fig J43 „ Mcria (a(t „ 
mediate host the eggs hatch and the young Hall). 1 . muscular pharynx ; 
ones penetrate the haemococl and other 2 , glandular pharynx ; 3 , 
tissues, they finally become encapsulated 'ulva ; 4 . vagina. 
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by the hosts’ and tissues develop further only when the infected inter¬ 
mediate host is devoured by the final host. The main genus Kictu- 
laria (Fig. 243), has two ventral longitudinal rows of comb-like spines, 
the mouth opening is surrounded by small teeth and the buccal 
capsule also carries teeth and spines. This lives in the intestines 
of mammals. The genera r bela^ia and Oxyspirura are known as 
eye worms. They parasitize e\es in the domestic animals such as 
horses, camels and pigs, etc., and occasionally man. They live on 
the surface of the eye in the inner corner and may move to other 
parts of the eyes. Tbela^ia caUipatda is the Chinese human eyeworm. 
In this case the egg membranes swell to form a float so that the young 
ones may not drown in the conjunctival fluid. Pneumoruma is an¬ 
other genus that lives in the lungs ofreptijes. 

Order Dracunculoidca. 1 Filiform Nematoda without definite 
lips in which the buccal capsule is not cuticularized. The head sense 
organs consist of an inner circlet of well developed labial papillae and 
an outer circlet of four double or eight separate papillae. Pharynx is 
divided into an anterior muscular portion and a broad glandular portion 
posteriorly. Vulva in the females is near the middle of the body, usually 
not functional. The female reproductive system is double, uteri arc 
opposite and the development is viviparous. Males are provided with 
equal filiform spicules. The members of this order arc parasitic in 
the connective tissue of vertebrates or their coelom and its membranes. 
The life-cycle is complicated involving an intermediate host, usually a 
copepod. 

Dracnncithis mdinwsis (Fig. 230) or the common guinea worm is 
a well-known human parasite that inhabits the deeper subcutaneous 
tissues of man in tropical countries especially India, Arabia, Egypj 
and adjacent areas of Africa. The females attain a length of 3 or even 
four feet, and when mature contain the uteri stuffed with young., anus,, 
vulva and intestine degenerate. The male worm is rare and is about 
an inch and a half. It lives under the skin and copulation takes place 
when both sexes arc young. When mature, the female approaches the 
surface and causes blisters due to poisonous secretions. Such blisters 
appear usually on the arms or on legs, in such parts of the body that 
most frequently make contacts with cold water. The blister breaks 
exposing a shallow depression with a hole in its centre. When the ulcers 
suddenly plunge in cold water (as by women washing clothes in water 
or men wading through for cutting crops nr collecting material) the 
worm (female) contracts convulsively, a loop of ruptured uterus is 
forced through a cuticular rupture near the anterior end of the body, 
and cloud of milky fluid containing large number of tiny larvae is 
ejected from the hole. They arc small worms about 0.6 mm. in length. 
Thcv swim about till they come in contact with a Cyclops into which 

1 The members of this or Jer are described by many under the order Kilari- 
oidea under families Dracuncilidae and ! Philomerridae but Chitwoods have 
removed them from the Filario lea and raised to the status of independent order. 
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■they enter and develop. The larvae are introduced into the human 
system when he drinks unfiltered water along with the Cyclops (rig. 
244). 


The guinea worm infects large number of people in certain places 
during certain part of the year. When the 
blisters arc formed some other symptoms 
appear. They are vomitting, diarrhoea and 
dizziness. Native medicine men extract the 
worms by slowly and painfully winding it 
out on a stick. This often results in new 
infection followed by loss of limb or by 
death. The method is successful if done 
by a doctor. Control is simple. If infected 
persons keep out of water and if drinking 
water is properly filtered the infection 
may be checked. 

Dracunculus has also been reported from 
other mammals such as foxes, raccoons, 
muskrats, weasels and dogs, etc. The other two genera of the order 
include Tbilometra and Micropleura. Tbilometra is found in the coelom 
and tissues of fish and Micropleura occurs in crocodilians. 



Fig. 244. Cjelops, a one- 
e>ed t crustacean that serves ai 
the intermediate host of the 
guinea worm. 


Order Filarioidca. Filiform Nematoda of moderate to large 
size in which lips and buccal capsule are lacking, and the pharynx con¬ 
sists of an anterior muscular and posterior glandular portion. Males 
are considerably smaller than the females. The vulva in females is 
placed anteriorly and remains functional. The ccpulatory spicules arc 
dissimilar and unequal in males. The members of this order are parasites 
of the circulatory system, coelomic cavities and muscular and connective 
tissues of the vertebrates and require a blood sucking insect (intermediate 
host) for the transmission of the young. Wucbereria {Tilaria) bancrofti 
(Fig. 259 E) is a human parasite of tropical and subtropical countries 
belonging to this order. It parasitizes human lymphatic system. The 
adult worms look like coiled white strings as they lie in the lymph glands 
or ducts of an infected person. The female is three or four inches long 
and the male is about half an inch. The accumulation of living and 
dead block the lymphatic system resulting in various pathological condi¬ 
tions, of which the most spectacular is an immense swelling of the legs 
and other parts termed elephantiasis. The female gives birth to small 
larvae called microfilariae which get into the blood vessels and develop 
no further unless sucked up by a mosquito of a right species. Within 
the mosquito’s stomach the microfilariae lose their sheaths, penetrate 
the walls of the stomach, migrate to the thoracic muscles where they 
develop into long slender forms that moult twice to form the infective 
stages, and migrate to the labium of mosquito. When the insect bites 
another person, the worms creep out into the skin of the victim, penetrate 
near the bite and finally develop the symptoms of the disease. The 
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worms are quite common in the eastern districts of Uttar Pradesh parti¬ 
cularly Gorakhpur. 

In other filarioids aslo similar life-cycle is met with Acantbocbti - 
lonemaperstaus inhabits the coelomic membranes and perirenal tissues 
of man in Africa and South America. The life-cycle of this parasite 
is similar to that of Wucbereria , the intermediate hosts are nocturnal 
bring midges (Chironomidac). Other notable genera of the order 
include Fi/aria found in subcutaneous tissues of carnivores and rodents; 
Diplotriaena in the connectivetissues of birds; Mans one I/a in the coelomic 

L . membranes of man; Setaria in the 

,(J\ \\ /' abdominal cavity of mammals; 

| I \ I / Onchocerca in horses, cattle and 

(V/ \J / eren man, which it transmitted by 

\ jr" black flies (genus Simulinm). 

| NJ / \ Order Trichuroidca or Tric- 

1 A, / ) hinelloidea. The Nematoda 

V /J I I whose body is filiform anteriorly. 

I -W M° ol h is without lips and the 

j | £ jJ pharynx slender provided with a 

I I stichosome. Males are without 

l 1 copulatory apparatus or arc pro- 

\ 1 ® vided with an eversiblc spicule 

\ \ W sheath, hence a cirrus. The * 

\ l ® female reproductive system is 

1 \ fl_ 9 B single, and mostly species are 

f J oviparous laying unsegmented 

4 || H eggs. Usually the members of this 

Jt-i (0 1J q 3 order are parasitic in the diges- 

II vgJ $ tive tracts of birds and mammals, 

h J ^ ut ^° unc * * n ot ^ cr ycric “ 

if brates and in other sites. The 

/hj life-cycle is simple without any 

intermediate host. 

C The trichina worm, Tricbinella 

spiralie , is one of the most studied 
nematode as it is a dreaded, hu- 
man parasite. The adult worms 
Fig. 243 . Trichuroidca. A. Triehvis inhabit the Small intestine of man 
avis female; B, male of (lie-same; C,cirrus where thev reach on eating in- 
and evened spicule of the same (after sufficiently* cooked pork or pork 

P r «x>uc«s. The females mature 
<i, ovary ; 7 , intesfine ; fl. anus; 9 . ie*iis; there and the males die soon after 

lo, spermduct; II, spicule ; 12. cirrus. impregnating the females, that 
bore their way through crypts of Leibcrkuhn into the lymphatic spaces 
where they release their young, probably about 1500 per female and 
then perish. The larvae imgrate by way of the lymph and blood vessels 
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1 A B C 

Fig. 246. Triehinella spiralis (from Fauna of British India). A, female : B,\ 
n»ale ; C. encysted 'young within ihe muscles ol the host. 1. nerve ring ; 2. free 
part of pharynx ; 3, stichosomes along rest of pharynx; 4, vulva; 5. uterus with 
young ; 6, intestine ; 7, oviduct; 8, ovary ; 9. anus ; 10. testis; 11. sperm duct ; 12, 
union of sperm duct with intestine ; 13. papillae on male tail ; 14, connective tissue ;• 
15, young one ; 16, cyst; 17, muscle fibres. 

throughout the body eventually entering every organ and tissue. They 
develop to the infective stages only in voluntary musculature. In the 
final stage they coil up into quiescent condition. Around them is formed 
a cyst by the host. The cyst finally becomes calcified. The young 
larvae in this condition degenerate unless eaten by suitable hosts where- 
they undergo final development and maturity (Fig. 246). Recent in¬ 
vestigations indicate that pigs usually obtain their infection through* 
being fed on garbage containing pork scraps. 

The adult worm is directly harmless, the injury, however, is caused* 
by the migrating larvae. When such a large number of larvae simul¬ 
taneously bore through almost all the tissues of the body, naturally there • 
is excruciating muscular pain, muscular disturbance and weakness. Fever, 
anaemia and swellings of the various parts of the body are the conse¬ 
quences. It is at this stage that trichinosis, as the disease is called, is 
fatal. If the victim survives the period, the larvae become encysted 
and the symptoms subside, though some muscles may be permanently 
damaged. In less heavily infected cases the symptoms may be nil and" 
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are likely to be diagnosed as intestinal trouble. Serious cases are often 
diagnosed as typhoid fever. In America about 20% of the population 

suffer from trichinosis at some 
time or the other. 

Among other notable genera 
are Trie hurts, known as the whip¬ 
worm because of its whip-like 
body parasitic in the intestine of 
man and other mammals; Cap'll - 
laria parasitic in birds and some 
mammals; Tricbosowoides erassi- 
cauda parasitic in the urinary 
bladder and other parts of the 
urinary tracts of domestic rat; 
and Cystopsis parasitic in the skin 
of sturgeons. 

Order Dioctophymoidca. The 
Ncmatoda in which the bursa is 
muscular bell like without rays. 
Lips arc not present and the mouth 
is surrounded by one or two circ¬ 
lets of papillae and a sucker in 
some members only. Pharynx is 
elongated without bulb-like enlar¬ 
gement. The reproductive organ 
of the female is single and they 
o are oviparous. Males have only 

Fig. 247 . Soboliphymt. A. female ; B, onc copu l a tory spicule. Members 
male (after Retrov). l.oral sucker; l, > , . j cr are parasitic in birds 

teiWHSRSMffi 

10, seminal vesicle ; 11. bursa. ,ng fish as intermediate hosts. 



r ‘A 


It 


Dioctcphyme final, (Fig. 248) is the principal species of the order. 
It is found in the abdominal cavity and kidney of mammals especially 
the dog. It generally lives in the abdominal cavity but invades the 
kidney also, as such is known as the kidney worm. Cnnously enoug 
the worm has been reported from the right kidney alone. The worm 
destroys the kidney tissue entirely so that the infected kidneycon^ 
merely of a connective tissue capsule containing a coiled mass ofv orm 
The female is blood-red in colour and about one metre ong. The m 
are much smaller (about 45 cm.). The eggs pass ou along! 
and develop into infective stages in about six months Somecpizoic o 

wjrss 
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Fig. 248. Dioclophymt rencU coiled in ihe kidney of host. It is found in the 
abdominal cavity, sometimes in other organs, o( mammals; especially the dog 
and other carnivores. 


that feeds upon fish. The entire cycle is very slow and takes two years 
to complete. 

Other notable genera of the order include Eustrongylidcs , and 
Hystriibis. Both these are found in the provcntriculus of various 
aquatic birds. Sobo/it>bym (Fig. 247) is found in the digestive tract of 
•foxes and the domest'ic'cat in Siberia and also occurs in other mammals 
in America. The genus is small to 20 mm. and possesses a large oral 
sucker. 


CLASS NEMATOMORPHA OR GORDIACEA 


Definition. The Nematomorpha (hair worms) are very long, 
slender, cylindrical. Ncmathclminthcs without cuticular ringing. 
Adults ’are free-living but the larvae parasitise arthropods. Lateral 

chords or excretory system is lacking. 

External Features. The Nematomorpha are extremely long and 
slender with a uniformly cylindrical body. Due to their extremely slen¬ 
der nature a myth became prevalent during the fourteenth and fifteenth 
centuries that they arc transformed “horse hairs**. Their body length 
varies from a few millimetres to over a yard. The anterior end is bluntly 
rounded whereas the posterior end is swollen and coiled The males 
are usually shorter than the females. They may be yellowish or buff 
to dark brown in colour, but the anterior tip called calotte is usually 
white. The mouth is situated terminally in the calotte and the anus is 
also terminal or sometimes ventral (Fig. 249). 


21 



A TEXT BOOK OF INVERTEBRATE ZOOLOGY 


3 2 * 






Fig. 249. Neroatomorpha. A. a .Rordiao worm (after Janda); B. posterior 
end of female Gordius ; C, anterior end of Gordius ; D. posterior end of male Gordius , 
E, section through the body wall of Porogordius. I. calotte ; 2, anus ; 3* !»**»“ 
crescent; 4. caudal lobes ; 5. homogeneous layer of cuticle ; 6, areoles ; 7, tibriliar 
la\er of cuticle ; 8, epidermis; 9, muscle la>er ; 10, mesenchyme. 

Body wall. The body wall comprises the cuticle, epidermis 
and musculature. The cuticle is rather thick and is rough as 
seen from outside. In section the cuticle seems to be made up 
of two layers, an outer thin homogeneous and an inner fibrous 
layer. The epidermis is one-layered epithelium of cuboidal ceils 
(Fig. 249 E). Musculature consists of longitudinal fibres only and are 
histologically similar to those of nematodes. 

Pseudococl. Spacious cavity occupies the space between the 
body wall and the digestive tract. This is the pseudococl filled, in the 
adult, by mesenchyme cells, that arc so arranged as to form partition 
looking like mesenteries. 

The digestive tract is degenerate in all ncmatomorphs both in 
adult and juvenile stages. Apparently they do not ingest. food. A 
normal mouth is absent and the anterior part of the }"j* ^ 

perhaps pharynx. Toward its posterior end the intestine receiveth 
genital duets and thus forms a cloaca. No other organs are present. 

The nervous system comprises a nerve ring surrounding the 
oesophagus and is connected to a single mid-ventral nerve cord AH 
these are closely related to the epidermis. There arc two minute ejes 
and many sensory bristles forming the organs of special sense. 

Reproductive System. The sexes are separate each w«n 
two gonads in the body cavity. In males each gonad continues poster. > 





Fig. 250. A, tftclontma agile (after 
Fewkes), B, male system of Paragordius 
(schematic); C, female system of 
Paragordius (schematic); D, nemato* 
morph sperm. 1, testis ; 2, nerve cord; 
3, inttslice ; 4, sperm duct j 5, cloacal 
ganglion ; 6, cloaca ; 7, anus; 8, 
caudal nerves in caudal lobes; 9, 
ovary; 10 , seminal receptacle; 11, 
oviduct ; 12, glandular cloaca ; 13, 
caudal lobes ; 14, head. E, section 
through lemale Paragordius. 1, cuticle; 
2, epidermis; 3, muscle layer, 4, main 
ovarian tube (uterus); 5, ovarian 
diverticula; 6, mesenchymal parti¬ 
tions; 7, intestine ; 8, nerve cord. 



and enters cloaca separately. No copulatory structures are present, 
in some species ( Gordius , Paragordius) the cloaca bears spines 
probably to help during copulation. The sperms are simple elongate 
bodies. In the female the gonads are like the testes (Fig. 250) in the 
early stages of development but later on numerous diverticula arise 
from its body. The eggs ripened in these diverticula re-enter the main 
ovarian tube that narrow posteriorly and open separately in a com¬ 
mon chamber or antrum that is glandular internally. The antrum 
opens into the cloaca. The eggs are laid in strings which can be easily 
collected. The strings may be very long sometimes (being 91 inches). 

The eggs hatch into small larvae that swim about in water and 
bore into aquatic insects, often entering May-fly larvae. It may also 
infect other hosts that frequent the edges of stream. Such hosts in¬ 
clude grasshoppers, crickets, cockroaches and beetles, etc. Develop¬ 
ment in the host occupies several weeks during which period the 
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juvenile worms attain the adult characters. They then leave the host 
when the latter is near water. The worms then lead free life in the 
water. It is now certain that only one host is involved in the para¬ 
sitic phase of the life-cycle of nematomorphs. 

CLASSIFICATION 

The Nematomorpha is divided into two orders. 

Order i. Gordioidca. Terrestrial and fresh-water Nematomor¬ 
pha with parasitic stage in terrestrial or aquatic arthropods. The 
cuticle is without bristles ; subcuticular muscle sheath interrupted 
only vcntrally and the pscudocoe! is much reduced by mesenchymal 
tissue. 

Examples of this order arc Gordins , Paragordins, Gordionus , 
Cbordodes, Par arbor dodes t etc. 

Order 2. Nectoncmatoidca. Marine Nematomorpha with para¬ 
sitic stage in Crustacea. They possess a double row of natatory bris¬ 
tles and both dorsal and ventral chords. Pscudococl is not reduced. 
This order consists of single genus Ncc/onrma, a marine pelagic 
nematomorph. 

Affinities. The ecneral structure of the Nematomorpha is pscu- 
dococlomate type. Then there arc other similarities with nematode 
worms. They are (/) structure of the cuticle, (//) presence of the 
epidermal chords. (Hi) similar subcpidermal musculature, (iv) the 
occurrence of mesenchyme in the pscudocoel, (n) nervous system inti¬ 
mately associated with the epidermis (»p ‘he utilization °f the rear 
part of the gonads as se* ducts, and (,ii) the moulting of the.Urw1«« 
the nematodes and kinorhynchs. These points 
justification to include the Nematomorpha as a class of Nemathel 
minthes (Aschclminthes). 

REVIEW QUESTIONS 

1. Justify the formation of a phylum containing-pscudococlorrate Bilateria. 

2 In what way the Nematoda show an advance over the Platyhelmmthes 1 

3 . Trace .he life-history giving detail, of different stage, of the hook-worm. 
Slscarii, and Trichinella. 

4 Describe the life-history of any phytoparasi.ie nematode studied by you. 

5 ' Justify the inclusion of the Gastrotricha, Kinorhyncha. GorJ.acea, etc. 
the class Nemathelminthes. 

6 . What do you know about rotifers ? 
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Definition. The Entoprocta are small moss-like solitary or 
colonial sessile animals found attached to seaweeds or other submerged 
objects. They are pseudocolomatc Bilateria having a distal circlet of 
ciliated tentacles, encircling both the mouth and anus. 

General Characters. The Entoprocta (Gr. endon, within + proktos 
anus) are characterized by the position of the anal opening within the 
circlet of tentacles that also encloses the mouth. They are small, almost 
microscopic animals below 5 mm. in length growing singly or in colonics; 
attached to objects or to other animals and having the general appearance 
of the hydroid polyps, in the cntoprocts, however, the tentacles arc 
ciliated. The body is divided into a rounded mass, the calyx, that 
contains all the viscera and a slender stalk that bears the calyx. In 
colonial forms the stalks are connected by thread-like stolons. There 
is no segmentation in the members of this phylum and definite excretory 
organs exist in the form of flame-bulb protonephridia. During retraction 
the tentacles are infolded into a vestibule which can be closed by a 
sphincter. The digestive tract is U-shaped, complete ciliated with 
oesophagus, stomach and rectum. The body cavity is a pseudococl 
filled with gelatinous parenchyma. No circulatory or respiratory organs 
are found, nerve gangila arc present. The sexes are separate, the 
members have 2 gonads, with ducts. Eggs and larvae develop in ovary, 
then the larvae swim freely in water and finally attach to grow into the 
adult. Loxosoma , Ptdicellina , and Urnatella are the three best known 
genera. Urnatella is a beautiful form found only in freshwater, living on 
the underside of stones in running waters or in lakes. There arc sixty 
known species. 

TYPE PEDICELLINA 

A colony of Pediccllina was described by Pallas in 1774, but the 
generic name was given to it by Sars in 1835. Ptdictllina (Fig. 251B) 
is characterized by a crown of tentacles the cup-shaped body mass or 
calyx, the stalk and the basal attachment of the stalks, stolons. 

Calyx. The calyx is slightly laterally compressed or cupshaped 
structure, oriented slightly obliquely on the stalk, the tilt being 
toward the mouth. The free surface between the tentacular crown, is 
ventral (as shown by the study of embryology) and the convex surface 
of the cup is dorsal. Both the mouth and anus open on the ventral 
surface at opposite ends of the sagittal axis. . Posterior to the mouth, 
in the same plane, is situated the nephridiopore, behind which lies the 
eonopore. The concave surface between the mouth and anus is termed 
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Fig 251. Entoprocia. A. Laxosomatoidet (after Anmndale): B, colony of 
Pedicetlina (after Ehler*); G, Loxosomo. showing budding. I. stalk ; 2. calyx ; 3, cuticu- 
lar shield ; 4, tentacular crown; 5, sterile portion of stolon; 6. polyp-beiring 
part of stolon ; 7, ovaries ; 8. bud ; 9, oesophagus ; 10, attachment disc. 


the vestibule (or atrium) and the part of this that lies between the 
gonoporc and anus serves as a brood chamber, or embryophore, for 
the developing eggs. The dorsal surface of the clayx is smooth (covered 
with spines in some and by a cuticular dorsal shield in C.bitaspis and 
Loxosowa/oids ). 

Tentacular Crown. The tentacles arc evenly-spaced simple out¬ 
growths of the rim of the cup-shaped calyx. The number of tentacles 
varies from 8 to 30 in different species and arc usually held in a incurved 
attitude. Along the inner side of the tentacular bases runs a ciliated 
vestibular groove. The tentacles arc also ciliated on their inner surfaces 
and their ciliation runs into that of the vestibular groove. rhe older 
tentacles occur on cither side of the mouth and the youngest on each side 
of the anus. This is so because the tentacles first appear near the moutn 
and then keep on growing towards the anus. 

Stalk. The stalk of Pedicel/ina is a simple cylindrical outgrowth 
of the clavx and is partially separated from the calyx internally by an 
incomplete septum formed by the infolding of the body Jf, 
stalk may be smooth or spiny and in some other entoprocts patella, 
Ar/hropodaria) it may be beaded in appearance. In solitar> forms 
stalk is flattened out to form an attachment disc (Fig. 251 

Body wall. The outer surface is covered with cuticle (Fig. 252), 
the tentacles and vestibule being without it. It varies in thickness in 
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Fig. 252. Histology of Entoprocta. A, body wall of Mjosoma with adhesive 

? tines ; B, section through the tentacle of Ptdictllina ; C, tentacular epidermis of 
tdictllina ; D, epidermis of cal> x of Loxosoma with sensory nerve cells and mesen¬ 
chyme. 1, epidermis ; 2, cuticle ; 3, adhesive spine ; 4, cell of the same ; 5, large 
mesenchyme cells j 6, pseudocoel; 7, muscle fibres ; 8, lateral cilia ; 9, frontal cilia ; 
10 , sensory nerve cell ; 11, granular type of gland cells ; 12, vacuolated gland cell. 

different regions and may be several layers thick in the stolons . From 
the cuticle, in some species, arise cuticular spines (which in some cases, 
Myosoma , Fig. 252, take the form of adhesive tubes with glandular cells 
at'thcir bases to secrete adhesive fluid). Below the cuticle lies a layer of 
epidermis comprising a single layer of mostly cuboidal cells. The 
tentacles arc simply epidermal tubes (Fig. 252 B) enclosing loose 
mesenchyme. The epidermal cells of the vestibular tube and the inner 
surfaces of tentacles are longer and ciliated (Fig. 252 B). In some 
(Loxosoma) the wall of the calyx is glandular bearing opaque gland 
■cells and transparent gland cells filled with vacuoles. Next to the 
epidermis occurs the body wall musculature consisting of longitudinal 
fibres. It is sparser in the calyx than in other parts of the body and is 
responsible for the movement of the tentacles or stalks, etc. 

Pseudocoel. The spaces within the tentacles stolons, and 
between digestive tract and the body wall form the pseudocoel. It 
is filled with a gelatinous material containing mesenchyme cells. The 
pseudocoel of the tenacles is filled with large rounded cells, imparting 
rigidity to them (the tentacles). The mesenchyme of the calyx consists 
of stellate wandering amoeboid cells and somewhat fixed cells with 
long processes. The pseudocoel of the stalk is separated from that of 
the calyx by a plug of cells, through which (probably) material can pass 
<Fig. 253). 




328 


A TEXT BOOK OF INVERTEBRATE ZOOLOGY 



Fie. 253. Digestive system of Pedieellina (after Becker). 1, mouth ; buccal 
tube ; 3, oesophagus ; 4. long cilia of stomach ; 5, area without cilia ; 6, “liver"; 

7, glandular wall of stomach ; 8, gland cel's ; 9, absorptive cells ; 10, stomach ; 

11, long cilia at the beginning of intestine ; 12. intestine ; 13, rectum ; 14, anus ; 

15, anal cone ; 16. brood chamber ; 17, gonopore ; 18. gonoduct ; 19, gland cells y 

of gonoduct; 20. ganglion; 21, stalk; 22, septum; 23, body wall epidermis; 

21, pseudo oel ; 25, mesenchyme ; 26, cuticle ; 27, oesophageal muscles; 28, 
muscle, of the stalk ; 29, cell-plug. 

Digestive System. The digestive tract is U-shapcd and occupies 
the greater part of the interior of the calyx (Fig. 253). The mouth is 
situated at the anterior end of the ventral surface and is transversely 
elongated ciliated aperture lying in the vestibular groove. The upper 
lip is not much indicated but the lower (posterior) lip is often present. 

The mouth leads into a funnel-shaped buccal cavity that narrows into 
the tubular oesophagus, which opens into an enlarged sac-like stomach 
(Fig. 25 3). The stomach is the most conspicuous organ of the entoproct. 
From the stomach the narrowed intestine proceeds vcntrally and is 
usually separated by a constriction from the terminal rectum. The 
rectum opens at the posterior end of the vestibule. The opening or the 
anus is situated on a projecting eminence, the anal cone. 

A single-layered epithelium of varying thickness lines the ali¬ 
mentary tract throughout. The cells are cuboidal on the outer side of 
the buccal cavity and columnar on the inner side. They are ciliated 
and carry fat and protein spherules as they are storing places for food. 

At the beginning of the stomach some cells have long cilia that help 
to rotate and drive food particles. The floor of the stomach (ventral 
wall) has tall columnar cells filled with brown inclusions (Fig. 253) hence 
the whole area is called “liver”, it, however, docs not function as a liver. 

The inclusions arc probably of excretory nature. The roof( dorsal wall) 
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of the anterior part of the stomach has abated cubo.dal cells. The 
posterior part, on the other hand, has glandular cells of two kinds dark 
granular cells containing enzymatic granules and paler cells that 
appear to be of absorptive nature. The intestine is lined by ciliated 
cuboidal cells of decreasing height toward the rectum, in which the 
epithelium consists of larger cells. 

Nephridial System. The Entoprocta have a single pair of flame- 
bulbs in each calyx, situated ventral to the stomach between the oeso¬ 
phagus and subenteric ganglion. The flame-bulb (Fig. 254) is followed 
by a number of enlarged amoeboid cells the athrocytes (Fig. 254) 
throueh which passes an intra-ccllular canal or duct. The ducts from 
both the sides converge and unite and open by a single ncphnd.oporc 
in the sagittal plane shortly posterior to the mouth. 



V Fig. 253. Brain of an entoproct. 1, subenteric 

ganglion ; 2. ganglia in the tentacle bases. From these 
Fig, 254. Entoproct ganglia arise several minor branches that innervate 

nephridium. 1, flame- the tentacles and are responsible tor their ^sen ory 

bulb ; 2, athrocjtes. activities. 

Nervous System. The central nervous system consists of one 
main ganglionic mass located ventral to the stomach and dorsta to 
the vestibular wall. It apparently represents a subenteric ganglion, 
the cerebral ganglion (found in association with the apical plate) is 
lost during metamorphosis. The ganglion is of rectangu ar to 
bilobular shape (Fig. 255) and consists of ganglion cells surrounding 
nerve fibres in the centre. From the ventral surface of the ganglion three 
pairs of nerves proceed to supply the crown of tentacles. Their - 
ches terminate in large swellings of one (or many ganglion cells each) 
situated between the tentacular bases. From each ganglion ncr\es are 
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given off into adjacent tentacles. From the dorsal surface of the suben¬ 
teric ganglion spring a pair of nerves to the wall of the calyx, a pair to 
the stalk and a small pair to the adjacent gonads. 

Sense Organs. Numerous sensory bristles occur on the outer 
surface of the tentacles and along the margins of the calyx . Each bristle 
(Fig. 2 5 2 C.,E.), arises from a nerve cell situated beneath the epidermis. 
Sensory pits are also found in the stalks and stolons of PediceUina. 

In loxosomatids, either throughout life, or in larval stages only, 
there occurs a pair of sense organs on the sides of the calyx near its oral 
ends. Each consists ot a tuft of bristles connected below with a gang¬ 
lion cell. This.pair of sense organs bears a remarkable resemblance to 
the antennae of rotifers and is of phylogenetic significance. 



Fig. 256. Development of a bud in PtdictUina (after Scelinger). 1, epidermal 
thickening ; 2, mesenchyme ; 3. thickening invaginated ; 4. future digestive tract ; 
: 5, vesicle constricting into two ; 6. primordia of tentacles ; -7, ganglion ; 8 mouth ; 
9, septum ; 10. stomach ; 11, lube cells ; 12, muscle cells. 

Asexual Reproduction. The Entoprocta poliferate extensively 
by asexual budding. In some cntroprocts buds arc produced by the 
calyx ( Loxosowa , Fig. 2jiC) but in PediceUina buds are produced by 
stolons and stalks, never by the calyces, and as the buds do not separate 
colony formation results. The bud begins as an epidermal proliferation 
(Fig. 256A), which cuts off internally as an epithelial vesicle. This soon 
constricts into two vesicles (Fig. 256C) of which the outer one becomes 
the free surface of the calyx and the tentacular crown and gives rise 
to the ganglion from its inner wall; while the inner part of the vesicle 
forms the digestive tract. The muscle cells, gonads and other mesoder¬ 
mal structures arise from the mesenchyme of the parent. The bud 
gradually elongates and a constriction separates the stalk from calyx. 
The entire animal originates from the ectoderm and mesoderm without 
any participation of the endoderm. 

Regeneration. The entoprocts possess good power of regeneration. 
•Under adverse conditions the colonies shed their calyces, but the stalk 
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and stolons remain alive for a long time and as soon as favourable 
conditions return they regenerate new calyces. 



Fie. 257 . Reproductive orean* a* seen in a transverse section of PeJiceUina. 
1 . epidermis of the floor of calyx; 2 . ovary ; 3 . oviduct ; 4 . common oviduct; 
6, spermduct ; 6, stomach. 

Sexual Reproduction. It is evident from the available information 
that some cntoprocts arc hermaphroditic and others dioecious. Many 
species of PedicelUm are dioecious but one common species, P. errnua , 
is peculiar—sometimes it is apparently hermaphroditic and sometimes 
dioecious. 

Thi gomds (Fig. 257) arc a single pair of sac-like bodies located 
ventral to the liver region of the stomach cither anterior or posterior 
to the ganglion. In hermaphrodites a pair of testes occurs posterior to 
the pair of ovaries. From each gonad a short duct proceeds medially 
and unites with its fellow to open on the ventral surface of the calyx 
by a com non gonopore. In hermaphrodites the sperm duct 
unites (Fig. 257) with the oviduct of that side before the formation 
of the common duct. The gonoducts are glandular. The sperm- 
duct, in males, may present an enlargement , the seminal vesicle, 
for the storage of ripe sperms, which arc of the usual flagellate type. 

Development. The eggs are small and yolky. They are ferti¬ 
lized while in the ovaries or in gonoducts and during their passage 
through the latter get covered with the secretion produced by 
the gonoducts. This secretion forms a loose membrane over the 
eggs and embryos and is drawn out into a stalk for attachment 
to the embryophore (see page 326) or brood chamber anterior to the 
anal cone. The wall of the brood chamber becomes thick and filled 
with food inclusions that are consumed by the growing embryos. As 
new eggs emerge from the gonopore, the already attached embryos are 
pushed forward so that there is a regular succession of stages in the 
brood chamber (Fig. 258). As the embryos are so attached the deve¬ 
lopment goes on, till the enclosing membrane ruptures .the embryo deve¬ 
lops a girdle of cilia, escapes from the brood chamber and leads a free- 
swimming life. 
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The free-swimming larva of Pedicel/ina (Fig. 259), looks, more or 
less, like the trochophore (Fig. 263), hence described as a modified 



Fig. 258. Sagittal section of calyx 
of Pedieellina with embr>os in the 
brood chamber. 1, tentacles ; 2. deve¬ 
loping embryos ; 3. anal cone ; 4. 
rectum ; 5. mouth ; 6, excretory 

duct ; 7, nephridiopore ; 8, vestibu¬ 
lar epidermis acting as embr>ophore ; 
9. oviduct ; 10. intestine ; II, stomach; 
12, stalk ; 13. glandular oviduct ; 

14. ovary ; 15. union of nephridia ; 

16, flame bulb ; 17, oesophagus. 


Fig. 259. Larva of Pedictllina. 1, 
apical organ ; 2, apical ganglion ; 3, 

commissure; 4. ginglion ol preoral 
organ ; 5, prcoral organ ; 6, stomach ; 
7, intestine ; 8, vestibular gland ; 9, 

subenteric ganglion ; 10 . rectum ; 11,* 
anus ; 12. epidermis ; 13, oesophagus ; 
14, vestibular concavity ; 15, buccal tube; 
16. mouth ; 17, lower lip with ciliary 
tuft. 


trochophore in most texts. But it differs widely both Superficially 
as well as structurally. At the summit of the dorsal surface or some¬ 
what antcriorty placed there occurs the apical organ comprising 
a ciliary tuft borne by an epidermal sac below which lies a large ganglion. 
This organ of the Pedicel/ina larva corresponds to a similar 
structure in the trochophore larva. On the anterior surface of the 
Pedicel/ina larva occurs a similar structure with an underlying gang¬ 
lionic mass called the preoral organ, that is not found in a typi¬ 
cal trochophore. The ciliary girdle borders the ventral surface 
of the entroproct larva whereas the corresponding girdle encircles 
the equator of the trochophore. The digestive tract of the Pedicel- 
lina larva is U-shapcd, the anus being at the posterior edge of 
the ventral surface. The digestive tract of the trochophore is 
L-shapcd with the anus opposite the apical plate. The vestibular 
invagination between the mouth and anus, supplied by three 
paired clusters of gland cells, is peculiar to the Pedicel/ina larva 
and is not found in the trochophore. The entoproct larva 
possesses protonephridia of the flame-bulb type whereas the trocho- 
phorc has solcnocytic protonephridia. The trochophore larva possesses 
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stalk forming, rotation beginning. C, sialk veil aeveiopcu. aoical 

tentacles indicated. D, Primary polyp practical.v completed («/*« mo'utlf* 6 
organ ; 2, apical ganglion ; 3, preoral organ; 4, preoral 8 a . nS ! ju concavity; 

oesophagus; 7, stomach ; 8, interline ; 9, rectum ; 10. anus . 11. . disc 15( 

12 epithelium of stalk base; 13. primordia of tentacles; H. . canglion ; 

gland of adhesive disc ; 16. stalk ; 17. muscle fibres; 18. subentenc gangno 
19, tentacular sphincter ; 20 , septum. 


mesodermal bands 'which are lacking in the entoproct larva. The 
entoproct larva is very motile and changeable. The apical an P^ c ° , 
organs can be protruded and retracted, the ciliary girdle can be e\p 
ft nd contracted and the areas bearing the mouth and anus can be - 
picuously exerted or withdrawn. From this it is apparent, tnar m 
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cntroproct larva is not a modified trochophore. Whatever similarity 
t here is between the two it is due to similar mode of life. 

Metamorphosis. After a free-swimming life for a short period 
the entoproct larva attaches to a suitable object by the ciliary rim 
(Fig. 260A) and undergoes a process of metamorphosis. The ciliary 
rim loses its cilia, gradually contracts, eventually fusing to a one- * 
layered epithelium that ultimately forms the attachment disc. The 
epithelium of this region may become glandular and secrete sticky 
material for attachment. In Pedictllina only this layer represents the 
pedal gland which, in others, develops as a prominent epidermal inva¬ 
gination. The closure of the ciliary girdle cuts off the vestibular cavity 
from the exterior (Fig. 26oB), and mesenchyme cells accumulate between 
the vestibule and the attachment disc. The mesenchyme cells mutliply 
and pack the cavity, and as a result of their further multiplication this 
region of the larva elongates forming a definitive stalk. The apical and 
preoral organs degenerate. The vestibular cavity and digestive tract 
rotates by 180 degrees with the result that the vestibular cavity comes to 
lie opposite the stalk (Fig. 26cC), and tentacles sprout at the vestibular 
margin. This is how the original ventral surface of the larva becomes 
the free surface of a stalked individual. But for the sense organs 
and ciliary girdle of the larva all the larval organs persist in the 
adult. 

Affinities. The Entoprocta were formerly regarded to be related 
to the Ectoprocta and included as a class under the phylum Bryozoa^ 
or as a subclass when the Bryozoa were placed as a class under phylum 
Molluscoidca (Basslcr, 1922). It was in 1870 that Nitschc separated 
the Entoprocta, including Pediee/Hna t Urnate/fa and Loxosowa and Ecto¬ 
procta including other Bryozoans. Hatschck, on evidences obtained 
from the study of embryology of PtdittUina , raised the Entoprocta to 
the status of a phylum and suggested them to have relationships with 
the rotifers. A. H. Clark recognized their non-coclomatc nature. 
Thus, now the Entoprocta arc considered much lower in organization 
than the Ectoprocta that arc distinctly coclomatc. They were linked 
with Ectoprocta because of some common features including the tenta¬ 
cular crown of ciliated tentacles, and looped digestive tract, but such 
features are common in sessile animals, hence cannot be regarded of 
phylogenetic importance. In other anatomical features the two 
groups do not agree much. On the basis of the resemblance between 
the larvae of the two groups a relationship can be emphasized. But in 
their further development the two larvae differ altogether. Thus, it is 
presumed that the similarities between the larvae arc because of the 
pelagic habits of both. 

• The entoprocts were further related with the annclid-molluscan 
types because of the trochophore similarity, but, it has been seen 
(page 332) that the entoproct larva departs much from the typica 
trochophore and that the coelom formation takes place in the two 
in a different manner, the body cavity of the Entroprocta is o a 
pscudocoelomatc type. 


is 
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Among the pseudoceolomates 
the rotifers come quite close to 
the Entoprocta. The loxosomatid 
resembles a collothecacean rotifer 
considerably: (/) Both have a trum¬ 
pet shaped body with the free sur¬ 
face bordered by ciliated or bristle¬ 
bearing projections that are simple 
extensions of the body wall. (//') 

The stalk in both is a postern- 
bryonic development and is pro¬ 
vided with pedal glands at least 
temporarily. (///') The mouth lies 
within the tentacular crown, the 
anus is not included within the 
crown in rotifers; it lies, how¬ 
ever, quite near the tentacular 
crown and is clearly getting nearer 
and nearer to the mouth. Besides 

this, the digestive tracts arc simi- — ------ - - * 

1 • „ .7 Uatfav resemblinfa rotifer. 1, preortl organ; 

lar in many ways in both (mastax, 2 1 . 3 apical organ . 4 , ciUary 

found in the rotifers, is in the girdlc . 5t anus ; 6, posterior end 

process of degeneration in the resembling foot of a rotifer. 

collothecacean rotifers). (/V) The excretory organs arc similar in both 

*he groups comprising protenephridia of the flame-bulb type. (j>) A 

pair of eyes is present in both loxosomatid and collothecacean 

young ones, (pi) The ciliary rim of the ventral surface of the entoproct 

larva is probably a remnant of an originally ciliated ventral surface, as 

is the rotifer corona, (pit) The preoral organ of the entoproct larva, 

that persists in the loxosomatid adults, is homologous with the lateral 

antennae of the rotifers. In the loxosomatid adults they arc situated 

toward the free end of the calyx. In the collothccaccans too they have 

migrated to an anterior position. Thus, it can be easily concluded that 

the Entoprocta arc pscudocoelomatc animals with greater affinities with 

the rotifers. 

REVIEW QUESTIONS 

1. Give the structure PtdictHina in brief. 

2. Discuss the affinities of the Entoprocta. 


Fig- 261. Larva of Loxotoma, dor¬ 
sal view. It shows many features 
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THE EUCOELOMATA 

The Eucoelomata or the Coclomate phyla are those animals 
that possess a true coelom or secondary body cavity. The coelom 
is a space in the mesoderm bounded by mesothelium. Originally 
the coelom meant the perivisceral cavity of vertebrate animals but the 
term is now applied to this and to other spaces which arc known to be 
homologous with it. The coelom contains a fluid which, unlike blood, 
is not circulated by muscular walls (except in some leeches). Germ- 
cells develop in its walls or in the walls of a specialised part of it; and 
when they arc ripe they arc often shed into coelom, and arc then usually 
transported to the exterior by coelomoducts, e. t. the oviducts of 
vertebrates. In many animals the coelom plays an important part in 
collecting excretions which are removed from it by nephridia or 
coelomoducts. 

In the ancestral coelomatcs, it is likely, that the coelom was repre¬ 
sented only by a scries of segmcntally repeated mesodermal pouches, 
each of which was provided with a pair of ciliated coelomoducts, dcvc-> 
loped as outpushings of coelom to the exterior. Typically each coclo- 
mic sac possessed one nephridium (Fig. 262C). In their primitive state 
the nephridia are somewhat similar to the platyhelminth type, i.e. they 
consist of ectodermal tubules projecting into the coelom and ending in 
specialised excretory cells termed solcnocytes (tube cells). The solcno- 
cytcs resemble the flame-cells of the flatworms in that they have an intra¬ 
cellular lumen into which hang flagella, and the lumen is continuous 
with that of an intracellular duct. They differ from the flame-cell in 
that the cell body is small and rounded and the flagella, which are few 
in number, are contained into a long slender tubular prolongation of the 
cell in which the walls arc remarkably thin. In coelomatcs the nephridia 
acquire an opening into the coelom by means of a ciliated funnel, the 
nephrostome, (Fig. 262C), and thus convey the coelomic fluid charged 
with excretory matter to the exterior. In such cases the coelomoducts 
arc reduced. In some (earthworm, for instance) the gonads and coclomo- 
ducts arc restricted to a few of the anterior segments, which alone possess 
a double set of tubules, other segments only have nephridia opening 
to the exterior. Economy in the number of tubules is effected in 
the polychactcs in which the coelomoducts and nephridia fuse to form 
compound organs the nephromyxia, which seive both for excretion 
and exit of gametes. 

Embryologically speaking the coelom arises by two general methods, 
the schizocoelou9 and the cnterocoelous. In the former the coelom 
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Fig. 262. Comparative study of Acoelomate (A), Pseudocoelomate (B) and 
‘Coclomate (C) grades ol animal t>pes in diagrammatic cross sections. 1, intestine 5 
2, epidermis ; 3, nerve cords ; 4, circular muscle la>er ; 5. longitudinal muscle layer; 
6 , gonad; 7, gonoduct; 8 , protonephridium ; 9, cuticle ; 10, muscle bands; 11, 
parietal peritoneum ; 12, visceral peritoneum ; 13, coelom ; 14, dorsal blood vessel ; 
15, ventral blood vessel ; 16, longitudinal muscle layer of the gut ; 17, circular muscle 
■layer of gut ; 18, gonostome ; 19, nepbridium ; 20, nephrostome ; 21, pseudocoel ; 
22 , parenchyma. 

originates as a space in the mesoderm, which splits into two layers, a 
somatic layer next to the skin, and a splanchnic layer around the 
endoderm. The space between these two is the coelom. In the entero- 
coclous type the coelom appears as pouches from the embryonic gut 
that become cut off and lie in the blastocoel. Their cavity is the coelom, 
their walls the mesoderm. These sacs expand until they touch the 
bodywall and the gut wall and the end result is, therefore, the same as 
by the schizococlous method. There is a third way of coelom forma¬ 
tion also, in which the mesenchyme arranges so as to enclose a space, the 
coelom. This method is the mesenchymal method and is said to occur 
only in Phoronis. But for all purposes of study Phoronis is included 
with the schizocoelous variety. The schizococlous forms appear to be 
related to the acoelomate and pseudocoelomote groups and constitute 
with them the group Protostomia. The enterocoelous Bilatcria, on 
the other hand, constitute the Deuterostomia. 

The enterocoelous Bilateria include the Deuterostomia, the 
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Chaetognatha, Echinodermata, Hemichordata and Chordata. The 
Brachiopoda also form their coelom by the enterocoelous method. 

The schizocoelous Bilateria include the remaining phyla of the 
Protostomia including the Phoronida. VTc begin the study of such 
animals with the phylum Annelida. 

PHYLUM ANNELIDA 

Definition. The Annelida are metamerically segmented Bilateria 
in which the perivisceral cavity is coelomic. Typically almost all are 
provided with chitinous setae embedded in and secreted by pits of the 
skin. 

General Characters. The phylum Annelida (Lat. anne/us , little 
ring) comprises the segmented worms in which the elongated body 
of the worm is divided externally into a number of rings, along the 
anteroposterior axis corresponding, more or less, to an internal division 
of the body cavity. Each division is termed segment or metamere 
and is externally delimited by constrictions of the body wall, and each 
segment primitively bears externally a pair of appendages, and contains 
a pair of nerve '♦.arfglia, a pair of nephridia, a pair of gonads, paired blood 
vessels and nerves and a portion of the digestive and muscular organs. 

In fact all the essential parts of the body are metamerically repeated. 
This fact is the essence of metamerism. All the body segments, must 
he identical in an ideally segmented animal (homonomous condition). 

No such animal exists since one or more segments arc fused to form * 
head or anal segments, and these segments differ from typical body 
segments. Some of the annelid worms (the polychactc annelids) 
approach the ideal co* **. Thus, it is evident that in most animals 
the segmentation has ui_ -• local alterations through loss or fusion 

of segments (hctcronomo-i:, segmentation). The perivisceral coelom 
communicates with the exterior through metamerically placed nephridia. 
The gonads arise from the coelomic epithelium and the reproductive 
elements pass out through a st es of paired ducts, the coclomoducts. 
The nervous system consis- ' a pair of cerebral ganglia a pa» r j” 
peripharyngeal connective-. «.vj a double ventral ncrvel-cord typically 
presenting a double ganglion in each segment. Development is direct 
in some annelids (Oligochacta, Hirudinea) or indirect with an interven¬ 
ing larval stage represented by the free-swimming trochophorc larva 
(Fig. 263) (Polychaeta, Archiannelida). The annelids arc from minute to 
large in size. Some of the smallest OI'*ochacta (Chat togas ter) arc un 
1 mm. long, but the giant earthworms ( Rbinodri/us fajneri olt L c 
and Megascolides australis of Australia) grow to over 7 feet in I g 
and 1 inch in diameter. Most earthworms are only a few inches 
The smallest Polychaeta arc minute; bu some are large— A eras 
of Californian coast attains 5^ feet and Eunice gigantea is about ten 
long. The leeches arc small ranging from j to 2c 0 mm. 

Biologically the Annelida forma diverse group divided into seven 
classes: (/) the Polychaeta marine annelids found in abundance near 



f the seashores; (//) the Oligochaeta comprising all the earthworms of 
the soil and their relatives; (///) thcHirudinca comprising ectoparasitic 
annelids with few tnie segments but each having numerous annuli; 
u If C i Archiannel *da small marine annclida probably related to 
the Polychaeta, but some are without parapodia and setae ; (v) the 
Uchiuroidea comprising burrowing marine forms showing little or no 
traces of segmentation; (it) the Sipunculoidea, which exhibit no trace 
of segmentation, and (wr) the Priapulida, a smaU group of cylindrical 
worms living in mud. - r ’ 

CLASS POLYCHAETA 


setae D 'l^?S - The Pol ^ cha "i are ““ine worms with numerous 

‘j T he head isusuaU y distinct and as « 

rvUe bears eyes, tentacles and palps and the body segments may bear 
metamorphosis.^ 01 ^ M °^ dioetious and development through 

=g|gs3gS£«!SS3 

parapodia. The heaa consists of two parts, the prostomlum 
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and the peristomium. The coelom is extensive and is incompletely 
divided into a series of chambers by muscular partitions extending from 
the body wall to the alimentary tract. The alimentary tract is provided 
with an eversible buccal region and a protrusible (not eversible) pharynx. 
A vascular system is present in the majority and organs of respiration 
in the shape of gills or branchiae are usually developed. The excretory 
organs comprise scgmentally arranged pairs of tubes, the nephridia. 
The nervous system is well developed comprising a dorsal brain formed 
by double ganglia connected to a ventral nerve cord consisting of a 



double chain of ganglia extending throughout the body. As a rule, 
there arc no special generative ducts and the generative products released 
in the coelom pass out by any or some of the nephridia. A definite 
larval form known as the trochophorc occurs. 

TYPE NEREIS 

Nereis , the rag worm, is one of the less specialized bristlcworms, 
and as such forms a convenient type for study. Several species of these 
are common in the inter-tidal zone on the sea-shore under stones and 
among seaweeds, almost in all parts of the world. In size the various 
species range from 2 to 12 inches. They vary considerably in colour 
though they invariably have richly tinted iridescent hues. Nereis 
(Fig. 264) forms most deadly baits for the salt water angler, no fish being 
able to resist it. 

External Characters. The body of Nereis is long and slender. 
The most noticeable feature is the segmentation of the body which is 
not merely external but involves nearly all the internal structures as wi 1 
be seen later. Except for the head and the last segment, the “tail”, all 
the segments of the body are externally alike. A scries of r *ng-bke 
grooves mark off about eighty segments besides those of the head. The 
head, at the anterior end, is a distinct structure bearing tentacles and 
eyes. It consists of two parts; a roughly triangular anterior lobe, the 
prostomium, which forms the anteriormost part of the body; and » 
ring-like portion, the peristomium (Fig. 265) lying just behind tn 
prostomium. The prostomium is not a segment as it is derived from 
the pre-oral lobe of the larva, but the peristomium corresponds to two 
cephalised segments fused together. The head bears various sensory struc¬ 
tures. From the anterior border of the prostomium project a pair o 
short tentacles, and from the ventral surface arise a pair ot stout two- 
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jointed palpi. Both these structures arc probably tactile in nature. 
The prostomium also bears four-rounded eyes on its dorsal surface 
(Fig. 265). Each eye (Fig. 274B) is made up of an ectodermal vesicle 
lined by a pigmented layer, containing a cuticular lens. The visual 
elements which form the walls of the vesicle are modified ectodermal 
cells and are continuous with the epidermis at the edges. On each 
side of the prostomium there is a ciliated pit, the nuchal organ, the 
function of which is doubtful. 

TERMINAL 




Fig. 265. Nirtii. Dorsal view of the anterior end. • The tail-end or pveidium 
»s shown below. 

The peristomium bears four pairs of cirri (Fig. 263} which arise 
from its anterior part, four on eacb side. These cirri are homologous 
with the dorsal (notopodial) and ventral (neuropodial) cirri borne by 
the parapodia (see below) of more posterior segments. Each body 
segments bears only two cirri on each side and as the peristomium bears 
four cirri on each side it is concluded that two segments have fused to 
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form the pcristomium during ccphalisation. On the ventral surface 
of the pcristomium is a transverse aperture, the mouth. 



NOTOPODIUM 


ACICULUM 


DORSAL CIRRUS 


GILL PLATE 


NEUROPODIUM 
VENTRAL CIRRUS 


Fig. 266. A parapodium of Ntrtis. 

Each body segment is usually convex dorsally, the ventral surface 
is usually flat, but may even become concave when certain of the body 
muscles contract. Each segment carries a pair of projecting appendages 
oarapodia (side feet) consisting of flattened fleshy projections of the 
body-wall (Fig. 266) from which protrude bundles of horny bristles 
or setae (chaetae). In structure each parapodium is biramous con- 
cUrinv of an upper part, the notopodium (Fig. 266) and a lower part, 
the neuropod ium. Each of these is biiobed bearing a bundle of setae, 
nd from each arises a slender filament, the cirrus. The dorsal cirrus 
?Pi (l-\ is a short cylindrical tentacle-like appendage borne by the 
««Snod(um whereas, the one borne by the ncuropodium is known as 
the "ventral cirrus. The setae arc grouped into two bundles, one inserted 
rb _ notopodium and the other in the ncuropodium and in each bund c 
,h Tvnes of setae arc found. Each of the bundles of setae is 
n a sac formed by invagination of the epidermis, the setigerous 
lodgM and js capab i e of bcing protruded or retracted and 

(chaetig ) directions by strands of muscular fibres in the interior 
of f the parapodium- In the interior of each bundle there is a stout. 
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chitinous rods E»chcons«rs ^ ^ ^ typcs 6 of sctac . (fl) with a 

f'npith shaft and a long, slender, more or less, straight blade, and (i) a 
hor shaf -i h a shorf-hooked blade. It is from a single cell, the 

formative cell, at the base of the sac that the seta Lakes origin. The 
slender*setae assist in locomotion by act.ng as minute paddles, whilst 
the aciculum has a skeletal function. 

The anal segment is without parapodia, bearing a pair of filamen¬ 
tous processe S> the anal cirri. The anal segment represents the posterior 
part of the larva and does not arise by a process of subdivision or seg¬ 
mentation like true body segments, as such it is frequently termed the 
pygidium. Towards its posterior extremity the anal segment carries 

a rounded opening, the anus. 

Body wall. The cuticle (Fig. 268) forms the thin outermost 
chitinous covering of the body. It is perforated by the openings of 
the epidermal glands. Next to the cuticle lies the epidermis an 
ectodermal contribution comprising a single layer of cells of which 
some are glandular, some are sensory, whilst others arc more or less, 

specialized columnar cells or supporting cells. 1 he epidermis is rela¬ 
tively thicker on the ventral side. Below the epidermis lies the mus- 
culaiurc derived the mesodermal stock It consists of two layers, 
an outer laver of circularly running circular muscle hbres and below 
these, the inner layer of longitudinal muscle fibres The ongitud.nal 
muscles do not form a continuous layer around the body but are 
arranged into four longitudinal bundles, two dorso lateral and two 
ventrolateral in position. The 
innermost layer of the body wall 
is formed by the parietal layer 
of peritoneum (Fig* 268). 

Coelom. The coelom is 
a spacious perivisceral cavity 
-divided up into a linear series 
of compartments by cross parti¬ 
tions or septa. Each septum 
consists of a double layer of 
coelomic epithelium, connective 
tissue and muscles and in posi¬ 
tion each corresponds to an ex¬ 
ternal groove. The septa are 
perforated by numerous aper¬ 
tures so that the compartments 
are not completely isolated. Fig. 267 . Parapodium of Htterorurris. 
The coelomic fluid, that fills 

the cavity can circulate throughout the body and can play a part in 
of'the body °" d,SS0 8aS “ * nd is causin 8 change in turgidity 


FOUACEOUS 
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Fig. 2G8. fltteis. Transverse section of a segment- 1, protractor muscles; 2, 
dorsal ciliated organ ; 3, peritoneum ; 4. dorsal \c»el ; 5, longitudinal muscles; 6* 
circular muscles; 7, epidermis ; 8, setae ; 9, ventral cirrus ; lU, oblique muscles y 
11, ventral vessel ; 12, nerve cord ; 13, coelom ; 14 nephridium 15, aciculum. 

Further the coelom is partially subdivided by various muscles which 
run an oblique course from the dorsal to the ventral body wall. The 
most obvious oblique muscles (Fig. 268) take origin at the sides of 
the nerve cord and are inserted in the parapodia. The exact anatomical 
relationships of these and the parapodial muscles (the retractors and- 
the protractors) arc not fully known, but perhaps they (oblique 
mus-.lcs) control the movements of parapodia. This is evident 
from the fact that they arise at the sides of the nerve cord, and arc 
inserted in the bases of parapodia. In every segment there arc two 
pairs of oblique muscles; one pair is inserted in the anterior and one in 
the posterior face of the bases of the parapodia. Each oblique muscle 
appears in reality to be composed of two bundles of muscle fibres—one 
running to the dorsal part of the base of parapodium, the other to its 
ventral part. It has been suggested that one function of these muscles 
is the retraction of the whole parapodium. Protrusion of the parapodia 
is probably very largely due to coclomic fluid being forced into their 
cavities by the contraction of the body wall muscles, while con¬ 
trolled flexures of the parapodia in the vertical as well as in an anterior- 
posterior direction coula be effected by differential contractions of 
the various oblique muscle bundles against the pressure of the coclomic 
fluid. 

The movements of the various lobes of the parapodia and setae- 
inserted in them are controlled by the parapodial muscles (Fig. 268). 
The protractors of the acicula are the largest groups of parapodial mus¬ 
cles They take origin from the circular muscles of the body wall around 
the base of each parapodium and arc inserted in the setigerous sacs- 
the acicula. These are radiating muscles, the simultaneous contraction 
of which causes the protrusion of the acicula and central lobes of the 
parapodium. The protractors are thus regarded skeletal structures. 
The retractors of the acicula are other parapodial muscles which with- 
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fi£ TRAC TORS 0OAIN 


DCNTlClfS 


PHARYNX 


PHARYNX 


Fig. 269. Diagrammatic representation of the pharyngeal apparatus of a preda 
tory polychaete ; A. retracted ; B, protruded. 

Alimentary Canal. The mouth leads into the buccal cavity, 
which is a wide chamber lined by the ectodermal epithelium conti¬ 
nuous with the epidermis of the head (stomodacal in nature). Post¬ 
eriorly the buccal cavity opens into the pharynx (Fig. 2 
is also lined bv an ectodermal epithelium 
The cuticle lining the buccal cavity and the phary 
various \ 

known as cuticular teeth and pharyngeal teeth (in the pharynx) 
A pair of the pharyngeal teeth, 
pharynx is n» 


69) which*- 
like the buccal cavity. 

,v,v -- - —- r *.—/nx is thickened at 

places forming small dark brown chitinous denticles also 

. - )• ■ 

, near the posterior end of the 
otably enlarged and is termed the "jaws” (Fig. 269). 

The whole of the buccal and pharynx. 
pirutomajm pcal rc 8 ion is eversible. When neededr 
/ the buccal cavity becomes turned inside 

out, while the pharynx is thrust for- 
fcSjg' ' ward so that the "jaws” are exposed 

tcctn ; \ • anc * come to lie in front of the head. 

: \ • Eversion of the buccal cavity is 

/[•* • • p 1 brought about chiefly by the pressure 

/&Sc "{ ' 1 coelomic fluid forced into the 

l4N0n m buccal region by the contraction of 
'***”* the muscles of the body wall, and the 

forward movement of the pharynx is 
Fig. 270 . Hereto. Lateral view of due to the contraction of the protrac- 
the anterior end following the ever- tor muscles of the pharynx. These 
rion of .he buccopharyngeal region. m . Jscles comprise a ^ mb ’ cr of - band .. 

or sheets of muscles running backward and inward from the wall 
of the prostomium to the wall of the buccal cavity. The folding in 
of the buccal cavity and retraction of the pharynx is brought about 
by the action of retractor muscles aided by a relaxation of muscles 
of the body wall, which also bring about a redistribution of the 
coelomic fluid. 

The part of the alimentary tract (Fig. a 7 r) lying posterior to the 
pharynx is known as the mesenteron and internally it is lined by endo- 
derm in contrast to the bucco-pharyngea) region. The mesenteron is- 
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divisible into two main subdivisions, the anterior oesophagus followed 
by the intestine (Fig. 271). The oesophagus, a narrow tube, runs 
thiough five segments and opens into the intestine. Into the oesophagus 
open a pair of laterally placed caecae or pouches known as the oeso¬ 
phageal glands because they 
secrete digestive juices. The 
intestine is a straight tube cons¬ 
tricted in each segment and 
opens into the rectum poste¬ 
riorly. The rectum is the last 
part of the gut which opens 
posteriorly by the anus. It is 
lined by ectoderm continuous 
with that of the outer surface 
and as such constitutes the 
proctodacum. 

The food of Nereis consists 
of small molluscs, small Crus¬ 
tacea and other animals which it 
grasps by means of the everted 
jaws and swallows by withdraw¬ 
ing the pharynx. The digestive 
juices are poured by the oeso- 
hagcal glands and also by the 
ining epithelium of the me- 
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Fig. 271. Strtxs. A. dissection showing 
•the ; viscera ; section of the e>e. 


sentcron, part of which is also 

responsible for the absorption 

of digested food. The food 

moves from one part of the gut 

to the other by the contraction 

„ . • .t - w ,n thc digestive tube. The contraction of these 

of muscles in the wall of the dR wtvcs of constriction, a type 

muscles produces a ’\°"' eristalsis which pushes the food along, 

„f muscular act.v.ty called pc^ P body . This provision 

independen'ly "f ,h (hc digestivc epithelium presents 

of muscles in the g rendition found in the ncmcrtcans. 

a definite advance over the conditio- * of Senis is well 

Circulatory System dfculatocy system appears 

• developed, compared with it the ^ of a distributing system 

•a crude apparatus. In . . . a collecting system by means 

.of vessels which . b means of certain contractile vessels 

of networks of capillaries an<M drculation Thc main collecting 
the blood is maintained in - abovc thc digestive tract and the 
vessel is the dorsal vess j vcsse l just below thc gut. They 

main distributing vesselheaven ^ ^ rf $cgmCnlal commissural 
are connected vith each c ^ ^ thc$c in cvcry segment, but they 
esscls (Fig. 5 72 )- ventral to the dorsal vessel, but first supp f 

10 body waHand parapodia where they break into an extens.ve cap-ilary 


V 
do 
the 
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network. The gut also receives its blood supply from segmental vessels 
arising from the ventral vessel and after circulating through a capillary 
network in its wall the blood is returned to the dorsal vessel by two pairs 
of vessels in every segment. Most of the larger vessels arc contractile. 
In the dorsal vessel rhythmic waves of muscular contraction run forward 
from behind driving the blood anteriorly. In the ventral vessel the 
blood flows posteriorly. 



s 


Fig. 272 . Segmental blood vessels of Xertis. I. capillary blood vessel of the 
parapod ; 2 . median dorsal vessel ; 3 . capillary blood vessel in iotesiine ; 4 , parapod ; 
5 , median vcniral vessel. 

The circulating fluid is blood in which is dissolved a red pigment 
called haemoglobin and in which blood corpuscles float. The pig¬ 
ment is concerned with the conveyance of oxygen from the respiratory 
surfaces to the tissues. Besides respiratory gases blood also distributes 
dissolved food substances and nitrogenous wastes, etc. These diffuse 
out through the thin walls of the capillaries whose extensive ramifications 
ensure that the substances are delivered almost to every cell and do 
not have to move long distances by the slow process of diffusion. 

Respiratory System. Respiration takes place through the 
entire body surface which is enormously increased by the thin flattened 

? arapodia within each of which there is an extensive capillary network. 

he dorsal and ventral body walls are also furnished with numerous 
such networks of capillaries. These networks lie very close to the surface 
and, as the blood passes through them, it receives oxygen from the 
surrounding water and gives up carbon dioxide collected from the tissues 
The oxygen carrying capacity of the blood is increased by the presence 
of haemoglobin in the fluid instead of being contained within the cells 
as in the nemerteans and the vertebrates. 


Excretory System. The excretory system consists of s series 
of scgmcntally arranged organs, the nephridia (singular nephridiuml 
<Fig. i 7 3 ). Essentially each nephridium consists of a X S 

opens at one end by a ciliated funnel, nephrostome, into the coelom 

and at the other end by a pore the nephridiopore, to the exterior. I™ 
Nereis the coils are embedded within an oval syncytial mass 
toplasm. The nephridiopore lies at the base of the^ampod um ¥£ 
internal end runs forward, passes through the septum, and opens into 
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the coelomic chamber just anterior to that in which lie the main body 
of the nephridium and the nephridiopore. Waste products, extracted 

from the blood which passes through the cxcre- 
nEPhpostome tory organ and also from the coelomic fluid, 
J... arc sent to the exterior by means of cilia lining 
SfPTUM'^pzJl the excretory tube. 

Ir"\u\ Nervous System. The nervous system 

11 * \\\\ °f Nereis conforms to a plan which is very 
M ‘ .\\ common in invertebrate animals. It comprises 
li‘ : \\\[i a central nervous system (Fig. 274A) and a 
IjV peripheral nervous system. The central ner- 

vn v vous system consists of a mass of nervous 

I r tissue concentrated dorsally to the pharynx in 

ill'.JSy the prostomium hence known as suprapharyn- 
geal ganglia (‘ brain*’). The brain is con- 
nectcd by a nerve collar (circumpharyngcal 
a iephridiOPOPe connectives) to a ventral ganglionatcd nerve 

cord situated in the nid-ventral line and run- 
Fig. 273 . Nephridium ning throughout the ventral nerve cord is 
of Nereis. represented by two parallel cords joined toge¬ 

ther by segmental cross connections, but the dual nature of the two 
cords is not evident ordinarily in Nereis as the two cords have tused 
and become invested in a common connective tissue sheath. The 
peripheral nervous system consists of nerves arising from the brain 
and innervating the eyes, the cirri, etc.; and the segmental nerves 
arising from the ventral nerve cord which arc connected with a well- 
defined nerve plexus lying just below the epidermis. 


NEPHRlDli. 


Fig. 273 . Nephridium 
of Nereis. 


TtMTMli 

/ 





PHAfirMtAl 
(CVHlCTivt WflJ 

*6MNT 
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A B 

Fig. 274 . Nereis. A. nervou. system, and B. vertical section of the e>e. 

In Nereis the tendency towards centralization of the nervous s > stem 
is carried farther than that found in the flatworms ^d ^rs. ™ 
brain, like other parts of the central nervous system, consists o 
cells and nerve fibres. The major part ot these is concern 
receiving and relaying sensory impulses from the organ 
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short nerves to the . 
receives nerve fibres from the sensory cells 
lining the nuchal organs. In all these regions 
the nerve cells surround a centrally placed mass 
of nerve fibres. The nerves to the peristomial 
cirri arise from the ganglia on the nerve collar. 

The two halves of the collar unite in the ventral 
part of segment three where they join the sub- 
oesophageal ganglia formed by the fusion of 
two anterior ganglia of the ventral nerve cord. 

A pair of nerves from the sub-oesophageal 
ganglia innervate the posterior pair of peristo- 
mial cirri and another pair innervates the body 
wall and parapodia of the segment. The ventral 
nerve cord is also made up of nerve cells and 
nerve fibres. In each segment it enlarges into 
a segmental ganglion, which gives off nerves 
to the muscles of the body wall and parapodia. 

The primitive brain, as that of a planarian, 
served chiefly as a sensory relay, a centre for 
receiving stimuli from the sense organs and 
then sending impulses down the nerve cord. 

This is also true of Nereis , for, if the brain 
is removed, the animal can still move in a co¬ 
ordinated way; in fact, it moves about more 
than usual. If it meets some obstacle, it docs 
not withdraw and go off in a new direction, 
but persists to make unsuccessful attempts to 
move forward. This is an unadaptive kind 
of behaviour and shows that in the normal 
Nereis the brain has an important function, 
that of inhibition of movement in response 
to certain stimuli. Such a function of the brain 

was lacking in the flatworms The main function of the central ner¬ 
vous system and the peripheral nerves is the integration (unification) of 
the responses of the separate effector organs. The animals is thus 
able to react immediately to any stimulus, no matter where'it is 
received, by suitable movements of the whole body 

Reproductive System. The sexes are separate. The gonads 

and are represented by the so-called dorsal ciliateH absent 

patches of ciliated epithelium on the peritoneum imt & ans » s *S“] cnta [ 

column of the longitudinal muscles P They£ T S* ^ 

moducts of other polychaete worms and * th* ™ !fL C OS * ^Jl e coc }°’ 

probably been secondarily arrived by the failure nf^L V 00 “} NmtS ^ as 
a duct to the exterior. a D 7 tailure of the funnels to aenn.r* 


Fig. 275. 
Autoljtus. 


Budding in 


arc 
Cl 


funnels to acquire 
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The testes in Nereis dumeriUi are one pair of proliferating masses 
between the 19th and 25th segment of the body. In other species there 
arc numerous testes. During breeding season these masses undergo 
active cell division forming smaller cells which develop into tailed 
spermatogonia while floating in the coelomic fluid. The ovaries are 
similar masses of cells of coelomic epithelium overlying the principal 
blood vessels of the body. From these bud off oogonia that undergo 
further development in the coelom. The development and proliferation 
of the gametos is accompanied by changes in the structure of the posterior 
half of the body in which the gametes are especially abundant. In this 
part the parapodia become larger and acquire flattened foliaceous out¬ 
growths, while the setae arc thrown off and replaced by new setae of the 
flattened form with a fan-like arrangement. Besides this, the eyes become 
enlarged, and dorsal cirri altered. The animal in this stage is termed 
Heteronereis and these instead of creeping about on the floor of the sea 
start swimming actively in the surface waters. The changed parapodia 
aid in swimming. Sexual maturity generally occurs at one definite 
season of the year. The females attract the males, and as the females 
burst and shed their egg through temporary rupture of the body wall, 
the males discharge their sperms. After the sex cells are discharged 
the worms die. 


Development. The coclomoducts arc absent therefore the eggs 
arc released by the rupture of the body wall. The eggs so released arc 
enclosed in a thick transparent gelatinous envelope. A closer study 
reveals two membranes within the gelatinous envelope. Of these 
the outer is very thin and delicate and the inner is thick and distinctly 
striated radially hence called zona radiata. The protoplasm of the 
egg is filled with yolk-spherules and a number of oil-drops. The eggs 
arc fertilized in the surface layers of the sea. After fertilization the 
yolk-spherules move away from what is destined to become the upper 
pole of the egg, leaving a granular polar area. The zona radiata dis¬ 
appears, the egg for a time become irregular in shape and then again 
spherical. Cleavage begins after two small polar bodies arc extruded 
from the upper pole. 

The cleavage is of the spiral type and resembles that of a Polyclad 
ege up to a fairly advanced stage. As a result of first two cleavages 
four cells are formed of which one is larger than the rest. These are 
the macromeres. From these first four small cells or micromercs arc 
separated off, then again four cells and finally four cells arc separated orr 
for the third time. At this stage there are four macromeres and twelve 
micromeres, of which one is somewhat larger than the other and 1 
called the first somatoblast (Fig. 276C). Soon after this . the * a |? 
macromere that gave rise to the first somatoblast gives rise to the 
second somatoblast (Fig. 276D). 

The micromercs of this give rise to the ectoderm, destined to give 
rise to the epidermis and all its derivatives, to the cerebral ganglion and 
ne^ve-cord, to the oesophagus and rectum. The macrcmetes eons.t.u.e 
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Fig. 277. Later stages in the development of Nereis. A, prototroch and apical 
ilia appearing ; B, late trochophore stage ; C, larva with thiee segments (after K. *>• 
Yipon). 

xtending on the ventral surface behind the prototroch and the 
nouth the deeper cells of this plate form a pair of mesoderm-banas 
muscle-plate) that give rise to body wall musculature, the muscu- 
ature of the alimentary canal also arises from certain cells 
he same stock. A superficial thickening of the ectoderm along 
he middle of the ventral plate forms the ventral nerve cord ‘ J 
his time the larval nephnd.a also appear from a 
romeres separated from the rest at an early stage. First they 
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on Eh?- lamii, a hermaphroditic tubicolous polychaete ; tube is showr 

situated at the upper end but later they migrate below the prototroch, 
The larva hatches at this stage. 

The ciliated larva is called nectochaetes from which the new adull 

a f gra 4? al i m j tam ° rphOSiS in Which m0St of the larval 

with ° ‘ ThC b ° dy gr ° WS in lcn 8 th and additional segments 

with their setigerous sacs annear. Finally fi.. __ _r_ 


.yciup wun tneir cirri and permanent setae (which replace 
c formed first), the full number of segments are formed and 
organs are completely formed to give rise to the adult. 

? W Thr !^h Cgg ? of somc polychaetes are caUed 

itiJ a nro^i 0ph ° rc ^ T ls Some w *»t biconical or oval 
ith a protruding equator. Its external surface consists of 


354 


A TEXT BOOK OP INVERTEBRATE ZOOLOGY 



SAND 


COMMENSAL 
CRABS IN 
TUBE 


TUBE 


MOUTH 


PARAPODIA 


PARAPODIA 


TANS 


SEA WATER 


Fiff. 279. Chatlopitrut in it* lube. A specialize! worm dwelling in a ^crctal 
tube in the sea bottom. The -fan*\ modified parapod.a, draws water through 
the tube. 

a one-layered epithelium (ectoderm) thickened at the apical pole into 
a sensory plate, the apical plate, which bears a tutt ot cilia. Around 
the equator there is a ciliated band termed the prototroch, which sent 
as the chief organ of locomotion and also directs a food bearing current 
towards the mouth which lies just below (Fig. 265). In some a second 
equatorial girdle, the mctatroch, passing below the mouth is present 
and also a ciliated circlet, the paratroch, around the anus. Thedan a has 
a complete ciliated digestive tract with oesophagus, large bulbous sto 
mach, and a short intestine that opens through an anus at the lowerpoie. 
There is a large cavity, the blastocoel, between the digestive »«« and 
the ectoderm. There may be present a ganglionic mass under the ap 
plate with a number of longitudinal nerves radiating from it, and ther 
may be one to several nerve rings. The larval excretory organ conta ns 
a flame-cell and an excretory tube which opens to the exterior nca 
anus. ... 

The typical trochophore (Fig. 263) is present in only a few annelids. 
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When the young A Urth hatches from the egg membrane it has already 
passed through the trochophore stage and has three segments and bristles 
The development of the annelid trochophore into the adult worm begin 
with the elongation of the lower region of the trochophore. 
elongated region becomes constricted into segments which soon develop 
bristles. The ciliated bands disappear and the upper part of the troc - 
phore becomes the head. The young worm then settles at the boti0 ' * 
takes up a burrowing life and continues to grow throughout life by n 
addition of new segments in the hinder region just in front ot the a. 
segment. 

The trochophore larva is of considerable importance because the 
same type occurs in several phyla. Apparently diverse animals such as 
a segmented worm and a snail have similar early developmental stages 
and produce similar trochophorcs. Beyond the trochophore stage, 
however, marked differences begin to appear, and the adults are very 
unlike. The close relationship thought to exist between these two phyla 
would never have been suspected but for the study of their trochophorcs. 
On such considerations is based the trochophore theory, elaborately 
developed by Hatschck (1878) which suggests that the trochophore is 
the larva of an ancestral form, the trocho^oon, which was the common 
ancestor of most, if not all, the bilateral phyla; and which, of living 
forms, most nearly resembled a rotifer. It is to be noted, however, 
that the trochophore is regarded as recapitulating the larva of the ancestor, 
ihot the ancestor itself. 

The polychaetes also reproduce asexually by budding (Fig. * 75 )- 
This power is closely aasociated with the power of regeneration. In 
many cases it his been observed that if the body is cut in two parts 
the anterior part will produce a new hind end, and the posterior part 
a new head. 

CLASSIFICATION 

Class Polychaeta. Annelida with chitinous setae developed 
in setigerous sacs. Parapodia arc highly developed and in most cases 
tentacles are present. Cirri and branchiae are present on the segments 
of the body. Sexes are separate. Gonads are simple and mctamerically 
repeated. A free swimming trochophore is usually present. The class 
is divided into two orders. 

Order 1. Errantia. The Polychaeta in which the pharynx is 
usually protrusible and armed with chitinous jaws. Except in head 
and anal region the body segments are all alike, with parapodia provided 
with cirri and equally developed throughout. They are predominantly 
— ‘tec-swimming, often pelagic. Some forms are found in free or attached 
tubes, often they are predatory. Some genera are known for asexual 
budding. Example is Sjllis. Genus Mjxpstoma is an ectoparasite on 
cchmoderms.. Other marine forms include Aphrodite , the sea mouse, 
olynoe, Nerns (see page 340.) Aphrodite is a short broad from which 
burrows in mud and which covers its back with a blanket made from 
interwoven setal threads formed from the notopodium. Between this 
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blanket and the back is a space into which water is drawn by a pumping 
action of the dorsal body wall being filtered through the matted setae. 
In this there are special plate-like 
modifications of the dorsal cirri, the 
elytra, round which circulates the 
water from which they possibly obtain 
dissolved oxygen. Aphrodite has 
remarkable segmental caccae of the 
alimentary canal in which the digestion 
of food particles takes place. Aphro¬ 
dite is called sea-mouse on account 
of its furry coat and its habit of creep¬ 
ing on the sea floor. Its home is in 
fairly deep water, where it hides, 
amongst the stones often half-buried 
in mud. If seen in shallow waters 
its hairy covering converts the sun 

light falling on it into a veritable rain- Fraud 

bow of colour. Why such glorious and y armt ). J 
colours should be bestowed upon a . , - 

creature of such sluggish habits, and which lives buried in mud tor 
greater part of its life, is not easy to understand. Probably the colours 
have some connections with its natural enemies. 'I he larger spine- 
bristles of blackish colours are retractile and when the animal gets annoyej 
they are erected transforming the animal into a miniature P° rc “' 
pine. Po/jnoe has short body, only a few segments of which, a 
the end, are covered by elytra, the covering of the back. 

Alciopt and Tomobltris represent the pelagic types whereas the 
fresh-water genera are represented by Alanajimkia sptcmsa 
Nereis litninicola. 

Order a. Sedentaria. The Polychacta in which the body• is 
divided into two or more regions with unlike segments »»d parapodia. 
Pharynx is non-protrusible devoid of j>ws or teeth. The head ^ 
small and sometimes devoid of eyes and tentacles; P“““ m 
indistinct. Gills, when present, are confined to the anterior part of 
body. Some forms burrow in sand and others live in tubes which 
they frequently leave. They feed on plankton or detritus. 

Notable genera include Cbae/opteros, without gills, Cirra ‘j^ ^. 
phi trite y with long gills; Hydroidcs , Sptrorhts , SabelIana,Sttp » . r 
rerot, arc tubicolous (tube dwelling) polychacte worm , j 

gills ArenUol a marina is a burrowing polychaete whose body «s . 

divided into three regions: (j) the o C f 0 ™|ut each of 

segments of which the peristomium is devo d of eta afld 

the other six segments has a notopodium with capil J id . 

a neuropodial ridge with setae resembling^crotcheK^ 
die region follows the above and the segments ot tu 
provided with gills. (/;/) The posterior region of the body na 
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mcnts devoid of parapodia and setae. The 

prostomium is much reduced without any , 

appendages and there is an eversible pharynx 

covered with minute papillae, which is the t 

organ of locomotion through the sand as jpSgSr 

well as of feeding. The body cavity isspacious, 

not encroached by longitudinal musculature 

and without vertical partitions or septa. g?/ 

CLASS OLIGOCHAETA ‘Tpy* 

Definition. The Annelida that are without 
parapodia and pharyngeal armature. Tentacles fcsS 

and cirri are also lacking and branchiae are 
rarely present. The head is not well marked 7 -fig? 

though there is a distinct pre-oral lobe, the fez 

prostomium. They are hermaphrodite and the Eg> 

gonads arc restricted in number and localised. » 

Generally a ditellum is present. The develop- « 

ment is direct. pA 

General Characters. The Oligochaeta L| 

(L. olipfis , (cw-Ycbaete, spine) comprise some ' J 

small, and for the most part fresh-water worms, 

and all the worms known as earthworms. © 

1 he oligochaetes differ from the polychactes 
in several important ways. There are no 

parapodia and the setae emerge from pits in p . ... 

the body wall. The setae are, as a rule, few raflft * g *. 
in number. The head consists of a prostomi- stonmiuoij^, iwto^diu^ 
um, sometimes much elongated (Nail Incus tr is). 4. neuropodiuro; 5-7, gills, 
and is generally separated from the peristo- 

w!Z u °t r s °l SC8 n nt by * dis,inct 8 roove - The peristomium is always 
» illi ™ tk ' -° Cephalic »PP'ndages either on pro- or 

hvetwZZ, Th 5Cg T cnUUo ? of the b°d>' is well marked externally 
/p: ' . » 8 ooves.and internally thecoelomic septa are always present 

seZented 9 nHZ^K ,he ° l,g0chaetcs a "d the polychaetes both are 
in Zomotinn t b K° S ' UC wh,ch are moved by muscles and serve 

The gonal are Ked Br ,3 . Chae.opoda ('bristlefoo.ed'). 
speciafZnerative dm-M ,hlckemngs of ‘he coelomic epithelium and 
^teHor 8 s2 o rg anS of ZthTeZ ,heit P^ts to the 

dual (hermaphroftic) There k alwav. ^ P" 5 '"' lr l ,h f same indiv >- 
ment of the ectoderm JenenUv f**? a e ’ andular devel °P- 

the ditellum or girdle which secret® ^ annular . form 

are laid. The oligochaetes are derived f h C “ 00n , ,n whlch ‘he eggs 
more primitive. The olieochaetes nrr«* /° m tbc P°tychaetes which are 
ment and structure of 8 manv iniDortanl const f ncy in thc arrange- 
th6 ventral nervous system etc but r ° S SUcb ? S the bod >' form » 

excretory and generan've^ns'.re concern^: ”•**** S ° as the 


\ ln Fig. 281. Armcola. 
ICW manna. 1, pharynx; 2, pro- 
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Fig. 282. Body plan of ihe earthworm. 

TYPE PHERETIMA 

The earthworms and their allies (oligochactes) are, in many respects, 
rather specialised annelids, and although many species of earthworms 
are found in the Indian soil, one of them, Pberetima post bum a, is usually se¬ 
lected for detailed description because its anatomy and habits have been 
fully studied. The earthworm differs from Nereis in its adaptation to a 
subterranean life. As in other burrowing animals the body is streamlined 
and has no prominent sense organs on the head or any projecting appen¬ 
dages on the body which would interfere with easy passage through soil. 
For the same reason the eyes arc also lacking. 1 he lack of prominent 
sense organs on the head docs not mean that the earthworm is insensitive 
to stimuli, but only that there is no concentration of sensory cells into 
highly specialised organs at the anterior end. 

Form of Body. Phere/ima post hum a has a long narrow body, 
(Fig. 28$) ncarlv circular in cross section, divided into a number of 
segments or metamercs by distinct transverse grooves. Mature 
worms measure 150 mm. in length and 3 to 5 mm. in thickness wnic 1 
is, more or less, uniform throughout, the thickest part of the bod) 
being a little behind the anterior end. The body is divided into 100 
to 120 segments by a scries of distinct transverse grooves, borne 
of the anterior segments arc subdivided into two or three annu 1 
secondary annulations which arc just superficial furrows as cotnparca 
to the deeper intcrscgmcntal grooves. I he worms arc of rich to 
colour, the dorsal surface being darker than the ventral Further 
the dorsal surface presents a dark median line the dorsal blood \cssti 
running from end to end and the ventral surface ,s distinguished b> the 
presence of generative apertures and papillae, etc. 

The mouth is a crescentic openning situated at the anterior en^. 

A fleshv lobe, the prostomium (Fig. 28} B), overhang th j 

which is pushed rather ventral-ward. The first segment beanng the 
prostomium and the mouth is the buccal segment or p 

prostomium is considered to be only a process " f d of 

ment P and not a true segment itself Situated '^^^^«llum (Fig. 

the body is a circular band of glandular tissue call ,. th an d 

2 8 3) or cingulum. To be exact this extends os e . g developed 

16th of the body counting from anter.or end. The clitellum ^ 
only in mature worms and forms an important c |i te llar, clitellar 

features of the worm by dividing its body -nto . P bo dy 
and post-clitellar (Fig. 285) regions. Ttehtt segm mcnt . 

bearing the slit-like opening, the anus, .s kno«n a. 
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Fig. 28). Earthworm -external characters, A, the body.from the ventral side \ 
B, a dorsal view of the three anterior segments; C, genital area (highly 
magnified). 

Besides the mouth and anus there are other apertures on the surface 
of the body. There is a series of minute openings, the dorsal pores, 
situated along the mid-dorsal line in the intersegmental grooves begin¬ 
ning from the furrow between segments xii and xiii but absent in 
the last segment. Scattered all over the body surface, behind the first 
two segments, are numerous minute pores (seen in sections only), the 
openings of the integumentary nephridia. On the ventral surface of 
the 18th segment are two openings of the male generative organs, one 
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SFTA OF AN ADULT 
A » 

Fig. 284. A, Lateral view of fir* nine segments ; B, setae', highly magnified 
the larger one of an adult the smaller, one of an embryo. 

on either side. These are the male genital openings. On the same 
surface, and in line with the male genital openings, arc two pairs of 
papillae, the genital papillae, one pair on the 17th and one on the 
19th segment. The oviducal aperture or the female genital opening 
is a median aperture situated in the middle of the 14th segment in a 
saucer-shaped depression. Further, there are four pairs of small elliptical 
openings, the spermathccal apertures, situated vcntro-laterally in 
the intersegmcntal grooves 5/6, 6/7, 7/8, and 8/9. These are the open¬ 
ings (Fig. 284) of the spcrmathccae, the accessory female organs.,** 
Setae. The setae in the earthworms are not numerous or so 
strongly developed as those of the polychactcs. The setae usually begin 
on the second segment and are arranged in the middle line of each seg¬ 
ment in a ring. Such an arrangement is known as perichaetine arrange¬ 
ment. In the English earthworm, Lumbricus , the setae are arranged 
in two couples on each side of each segment (the lumbricine arrange¬ 
ment). Each seta is a chitinoid structure of a faint yellow colour and 
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Fig. 2B5. Transverse section of the body wall through setal ring. 

shaped like an elongated ‘S’ (Fig. 285), the distal end of which is pointed! 
and the proximal end is more dr less blunt. In its middle there is a 
swelling called the nodulus. Each seta is about 26 mm. long and *oj2mm.. 
thick. About one-third of its length projects beyond the body wall the- 
remaining being embedded in a setal sac. The setae arc absent in the 
.firstand the last segment and also in the ditellum of a mature worm. 

• The clitellum of a young worm presents three rings of setae. These- 
4 setae help the worm to secure a hold on the walls of its burrbws or the 
ground, thus helping in locomotion. Their movements are controlled 
by special muscles (see below). 

Body wall. The body wall is covered externally by a thim 
non-cellular membrane, the cuticle which is perforated by numerous 
pores through which open the epidermal glands (Fig. 286). The cuticle - 
is secreted by the supporting cells of the underlying epidermis and 
is finely striated. These striations produce the iridescent colours dis¬ 
played by the worms. The epidermis is a single layer of cells in which- 
arc found large gland cells, supporting cells, basal cells and sensory 
cells (receptor cells). Most of the cells are of the columnar type. The 
gland cells are of two kinds: (/) numerous large mucous-secreting^ 
ovoid cells, rounded distilly and narrow proximally; their distal part js- 
usually full of mucous, whereas the nucleus lies in the proximal part 
(if) the albuminous gland cells are of the second variety which are few- 
and far between and the secretory granules are uniformly distributed 
the nucleus lies towards the basal end. The supporting cells arc tall’ 
and narrow with oval nucleus in the middle of each c*ll Th*>u for™ 
the bulk of epidermis. The basal cells are conical or rounded cells with. 

T C1 ln * c s P accs bct 'Y 5 Cn tbe basal ends of supporting 
and glandular cells. The sensory ceUs whose function is to rcceivl 
storm 111 (hence also called receptor cells) are found in groups. Their- 
nature and functions will be dealt with later. The musculature lies below 
the epidermis and consists of two layers, an outer layer of circular- 
muscle fibres and an inner layer of longitudinal muscle fibres. Thet 
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circular torm a thin continuous sheet which in some is lacking in the 
region of intcrscgmental grooves. The longitudinal muscles^ run in 
long parallel bundles, each of which is separated from the other by a thin 
connective tissue layer. In the region of the setae, the sacs penetrate 


CUTICLE MUCOUS CELL ALBUMIN CELL MUCOUS OPENING 



SUPPORTING CELL IUSAL CELL 


Fig. 286 . Transverse section of the cuticle and epidermis of the earthworm 
(alter HahIJ. 

the whole thickness of the body wall and divide the bundles of longi¬ 
tudinal muscles completely from one another. F.ach sctal sac is simply 
an invagination of epidermis that secretes a seta and lodges it. At the 
base of each arc inserted two sets of muscles the protactors and retractors 
which control the movement of setae. 


The innermost layer of the body wall consists of a thin membrane 
of a single layer of flat cells. This is the parietal layer of the coelomic 
epithelium. The integument not only protects the internal organs but 
secretes mucous over its surface that keeps the surface slimy, clean and 
does not allow foreign organisms to settle on it. Mucous helps in 
plastering the walls of the burrows. Further the integument acts as a 
respiratory organ, lodges receptor organs that keep the worms conscious 
of its surrounding and lodges the locomotor organs. 

Locomotion. The locomotion of earthworms is interesting since 
it provides a clear-cut and relatively simple example of the results of 
co-ordinated movements in an animal with a body built on mctamcric 
olan W hen an earthworm starts to crawl, the first few segments 
iiccomc thinner but longer. This is due to a contraction of the circular 
muscle fibres and a relaxation of the longitudinal muscles ,n that region 
elongation being dircctlv caused by an influx of the coelomic fluid, which 
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Fig. 287. Locomotion of earthworm (after Gray). 

is driven away from the contracting regions into the more anteriorly 
placed segments. The setae of these segments protrude and get a grip 
of the substratum. The thinning and extension spreads to more pos¬ 
terior segments, in fact a wave of extension is produced which spreads 
backwards, throughout the body. The longitudinal muscles of the 
anterior segments then contract so that the body here becomes shorter 
and fatter and the hinder regions of the body arc pulled forwards. The 
wave of shortening, thus caused, also spreads backwards. The whole 
body is thus traversed by a wave of extension immediately followed 
by a wave of contraction (Fig. 287). The anterior segments contract 
and pull the next few segments forwards. These in turn pull the next 
few segments and so on. These alternating scries of waves of extension 
and contraction aided by the leverage afforded by the setae bring about 
the locomotion of the worm. Co-ordination of the waves of muscular 
contraction is maintained in two distinct ways; by reflexes handed on 
from one segment to the next, by mechanical stimulation and by impulses 
passing along the ventral nerve cord. The contractions of both cir¬ 
cular and longitudinal muscles are also controlled by reflexes passing 
through the ventral nerve cord from one segment to the next behind it. 
Experimentally it has been shown that either method of co-ordination 
singly will succeed in promoting orderly locomotion, but normally both 
methods reinforce each other. Further, it is interesting to note that it is 
only when the worm is in contact with the substratum (or if when 
suspended it is stretched by its own weight or other means) that the 
locomotory waves of contraction pass along the body. This means 
that the tactile receptors in the skin require to be stimulated to initiate 
the contraction waves which when first started arc self-propagating. 

Body Cavity. The body cavity is coelomic bounded on all 
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Pig. 288. Coelomic corpuscle* of Phtrelima (after Bahl). 


sides by a layer of peritoneum, (coelomic epithelium) which when it 
covers the intestine, etc., is known as the splanchnic layer and when 
it lines the body wall is known as the parietal layer. The spacious 
coelom is filled with milky coelomic fluid in which are suspended 
colourless corpuscles which may be of several types. The lar¬ 
gest and the most numerous of these corpuscles arc the nucleated 
amoeboid cells with several membranous folds on the surface and a 
deep concavity on one side. They always contain large number of 
ingested granules and arc known as the phagocytes (Fig. 288). Smaller 
than the phagocytes and forming ten per cent of the coelomic corpuscles 
arc circular nucleated cells which resemble blood corpuscles in shape, 
have a clear protoplasm, and present characteristic markings on the 
surface. Then there arc elongated cells, the mucocytcs, having a fan- 
Likc process at one end and a narrow nucleated body at the other. The 
“yellow cells” arc small but arc almost as numerous as the phagocytes. 
They arc easily recognised by their intense yellow colour in iodine 
solution and by their peculiar vesiculir bulgings. These yellow chlora- 
gogue cells are found covering the gut. They are believed to be excretory 
in nature and thit the yellow-gre.’n granules arc of waste matter. But 
the evidence in this direction arc contradictory. The true nature 
of the granules is not known up to now. Some people suggested 
that the chloragoguc is a food reserve but the evidence tor this 
too is conflicting. It is fairly well established that the ends of the 
chlorogogcn cells break off when they arc full of granules and fait into 
the coelom. Thcv disintegradc according to some and the srnal 
particles arc excreted by the nephridia and the larger particles are mges ec 
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Fig. 289. Portion of interccgmental septum of Phrrtlima perforated (after Bahl). 

by the amoebocytes and deposited in places where they will do no harm 
or arc extruded through the body-surface. Others, however, claim 
that these cells or their broken ends are carried to regions of growth and 
repair or to the reproductive organs or wherever an extra supply of 
nourishment is needed. The coelomic fluid is slightly alkaline in 
reaction, is ejected through its dorsal pores and kills myriads of bac¬ 
teria of the soil that would otherwise grow on its body. Along with 
it are also removed excretory products. It keeps the integument moist 
and helps respiration. 

The body cavity of the worm is divided into many chambers by 
means of transverse partitions or septa (Fig. 282). Septa stretch 
across the coelom from the alimentary canal to the body wall along the 
line of each intcrsegmental groove. Each septum is formed of a double 
layer of peritoneum and numerous interlocking bundles of muscle fibres. 
There is no septum in the first four segments. The first septum lies 
between segment iv and v and is thin and membranous. The next five 
septa are thick and septum 9/10 is almost invariably absent. These 
septa are not transverse but oblique their lines of attachment on the 
alimentary canal lie considerably behind the lines of attachment on the 
body wall. Behind the eleventh segment there is a regular series of 
thin membranous partitions separating successive coelomic compartments 
from one another. All the septa up to septum 13/14 form complete 
partitions and have no perforations on them, but beginning from 
septum 14/15 all the septa are perforated. Each half may have as many 
as 68 apermres. Each aperture is oval or circular, 1.6 mm. in diameter* 
surrounded by a thick sphincter made up of unstriped muscle fibres. 
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The perforated septa are characteristic of the genus Pbtreftma . The 
coelomic fluid flows backwards and forwards through these apertures 
though there is no regular circulation. By closing the sphincters the 
coelomic fluid is restricted in a particular segment which is made turgid 
and stiff. This turgidity helps in securing a firm leverage ot the setae 
on the substratum thus aiding in locomotion. 

Alimentary Canal. The alimentary canal although not 
uniform in diameter or in the nature of its walls takes the (om .i ot: a 

straight tube from the anterior 
MOuTH opening, the mouth, to the 

i terminal anus. The mouth 

,* 6 M!N which is over-hung by the 

pharynx prostomium opens into a short 

lymph 6 land thin-walled buccal chamber 

- septa (F>g- 2 9°) which extends up 

N 3 Ij 3 ^(cone-shaped) to the middle of the third 

Ns/ I im\"'SPERmathsca segment. Its walls arc slightly 

{jk^dRl^cizzARO folded. The buccal chamber 

IS protrusiblc and as such acts 
rWl\W V U ^ as an organ of ingestion of 

food, the buccal chamber 
)] * leads into pear-shaped struc- 

I—l Tl* turc, thc Pharynx, externally 

W —£ ±—1 marked off from the buccal 

f — E If T ' vtsslt chamber by a groove. The 

dorsal surface ot this highly 
MOWlfC vascular structure is irregular 

r&f and r ° u ? h bcin s i ° bu l la ; cd * 

Its lumen is compressed dor- 

--f ..M, re . r .... soventrally because ot thc pres- 

i ""t— E * surc of the pha y geal mass 

—MjEi —^ or bu,b - (F'g- 29 °^* Thc 

) - {TY^.'r—Z' . Mi* T :.\ *: sides a re pu shed i nwa rd s form- 

- "" CAECA ing a narrow horizontal shelt 

— on either side (Fig. 291). J bc 

- (Tr l shelves divide the cavity into 

—Eg a dorsal or salivary cham- 

J-GE '~ 6 6 L la?S ber and a ventral or conduct- 

‘ ^ ing chamber (Fig. 291). The 

Fig. 290 . A dissection through the pharyngeal bulb consists ° 

anterior region of Pheuixma, showing the ciliated pharyngeal epithelium, 

general anatomy. The first definite septum a { ^\ c ^ m ass of musculo-vascu- 

lics between segments 4 / 5 . the coel otn of . and an aggregate of 

& pharyngeal gland ce.U They 

between 9th and 10th segments .s lacking produce mucous and dig 

(after Bahl). enzymes that arc lodged in tnc 

salivarv chamber before use. 
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Fig. 290 . A dissection through the 
anterior region of Phtulima showing the 
General anatomy. The first definite septum 
lies beiween segments 4 / 5 . the coelom of 
the anterior segments is undivided. The 
first five septa are telescoping, a septum 
beiween 9 th and 10 th segments is lacking 
(after Bahl). 
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Fig. 291. Transverse section of earthworm passing through the pharyngeal 
region (after Bah 1 ). * 1 * 

The pharynx opens into the oesophagus which runs from fourth 
to eight segment of the body. It is a simple, long narrow tube that 
swells up forming a prominent oval structure, the gizzard in the 
eighth segment. The gizzard (Fig. 292) is a hard muscular organ 
internally lined by tough cuticle, secreted by columnar epithelium 
lining it. The gizzard his a very well-developed musculature. (Fig. 
292). \\ ith the help of the tough internal surface worked by 

powerful circular muscles the food material is ground up. The 
gizzard runs into a short, narrow and highly vascular region of 
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Fig. 292 . Transverse section of Pherelimo through the gizzarJ region (after Bahl). 

Histological study of the gut reveals that it is made up of^ three 
lavers of cells. The outermost covering is formed by peritoneal cp - 
thclium, which consists of tall and narrow cells. In the mtestme and 
stomach some of these cells arc full of yellow refractive 
called “yellow” or chloragogen cells. These cells, «cord,ng to one 
view, are excretory and take up waste matertal from j 5 ' 0 , 0 ^ ' 

and store it as yellow granules. When full they drop off ‘nto the codom 
and are got rid off through nephridia or dorsal pores A ' 

another view they act as storehouse of reserve nutriment. M» scu a,u ^ f 
forms the second layer. Ordinarily it consists of an outer la, er 
longitudinal muscle fibres and an mner layer of crcular fibres 
Both these layers are well developed in oesophagus but in he gtzM 
the main bulk of musculature is represented bv circular.muscle fib 
only (Fig. .9*). The entire thickness assists the tritmta ton of,food. 
In the intestine both the layers of musculature .are fecblj P^ 

All the muscles are non-stnped. Internal .T.S*“and devoid 
region consists of tall columnar cells covered with thm cuticle and 
of Cilia. In the pharyngeal region the columnar epithelium is ^ ^ 

on the roof and devoid of cilia on the floor rtl °“ h ° P re they are covered 
lumnar cells whereas they are short in the gizzard where h > has 

bv thick internal cuticle. The inner epithelium of the mtes^m 
absorptive and glandular cells. The absorptve ce a h t * v ‘ 0ng cu0 - 
narrow, broad at free ends, whereas, the glandular cells have 

lated appearance. _ , .. 

Earthworm obtains nourishment from orgamcmatcw 1 of t 

Ari w - ««• ™ 
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nahl) F '* ^ fransvene section of earthworm in the region of ihe intestine (after 


digestive fluid poured in the pharynx contains mucin and some proteoly¬ 
tic ferments. Mucin lubricates the food and the ferment starts digestion 
ot proteins. The food is ground up in the gizzard, its final digestion 
takes place in the intestine which pours out a number of ferments. 
Intestinal digestive fluid of the earthworm corresponds to pancreatic 
ju.ee of higher animals. The food is absorbed by the absorptive cells 
and is passed into the blood stream for distribution. 


r^c«w Plfa ^ ry SyStCm - T , hc 8 ascous interchange necessary for 
respiration takes place mainly through the skin which is richly sup- 

“ «P;' Ul,es - Th', blood capillaries sometimes extend 

Possible nnlv if ,k l he ? P ' dCrmal The P ase ous interchange is 

the cniderm.| h ^ '* k , e r> t m°«f* by the moist earth, by the secretion 
out hZfbT ? T g,and c A ]k and also by coelomic fluid passing 
cubicle and d ° rSal P or '\,°*Vgcn in solution passes through the 
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Mood and carried in solution in the plasma to the skin where it is 
got rid off. 

Blood Vascular System. The blood vascular system consists 
of a system of tubes (blood vessels) containing a fluid (blood) in 
which is dissolved the red respiratory pigment (haemoglobin), and 
which contains blood corpuscles. The pigment is concerned with 
conveyance of oxygen from the respiratory surface to the tissues and 
carbon dioxide, dissolved foodstuffs, excretory products as well as other 
substances are also distributed about the body by the blood, and reach 
the tissues by diffusion through the walls of the vessels. 

The arrangement of the vessels is very complicated but the general 
plan is that a distributing set of vessels communicates with a collecting 
system of longitudinal vessels by means of networks of capillaries and 
circularly running vessels in each segment; and the blood is kept in 
constant circulation by means of certain contractile vessels. 



Fi?. 294. Arrangement of vcisels in the intestinal region (after Bahl). I, septo- 
nephridial ; 2. commissural ; 3. septum ; 4. septo intestinal ; 5, dorro-intestinal ; 6, 
transverse ; 7. ventro intertinal ; 8. setal sac ; 9, integumentary ; 10, bod>wali ; >■» 
ventro tegumentary ; 12 subneural ; 13 , netve cord ; 14. ventral vessel ; 1 5, intestine ; 
16, typhlosole ; 17. supra intestinal excretory’ duct ; 18. dorsal vessel. 

The arrangement of vessels in the intestinal region, i.t., behind 
the thirteenth segment is different from that of the first thirteen segments. 
For convenience the arrangement of vessels in the intestinal region wi 
be discussed first. The main collecting vessel of this region is a large 
longitudinally running dorsal vessel (Fig. 294), which tor the 
part of its length is in close contact with the gut. It has thick muscula 
walls and contracts rhythmically driving blood forward. To preven 
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back flow of the blood the vessel is provided with valves in front of each 
septum. In each segment the dorsal vessel receives one commissural 
vessel (Fig. 295) on each side. Each commissural runs along the 
posterior face of a septum and is ventrally connected with the subncural 
vessel and during its course receives blood capillaries from ncphridia 
and body wall. A pair of dorso-intcstinal vessel, one on each side 
of the segment, arises from the intestine and opens into the dorsal vessel. 
Their openings are guarded by valves to prevent the back flow of the 
blood. 

The main distributing vessel of the body is the ventral vessel 
(Fig. 294) that runs from end to end, suspended in a mesentery just 
below the gut. The vessel is not provided with valves. In each 
segment it gives olT a pair of ven- j 

trotegumentary vessels (Fig. 295), 1 

each of which runs, for a short 
distance, along the anterior face of . 
the septum, then pierces it (septum) 
and enters the succeeding segment. 

It runs along the body wall to the 
mid-dorsal line, supplying the 
bodywall and the integumentary 
ncphridia. Before the ventrotegu- 
mentary pierces the septum it gives 
ptt a delicate branch, the septo- 
ncphridial, to the septal nephridia. 

The intestine is supplied by a small f 

median vessel, the vcntro-intestinal 

vessel (Fig. ,90 .‘hat arises from the v “V *£3 

dorsal surface of the ventral vessel. ve»d ; 2. suprainte*inal excretory 

ducts ; 3, dorio intestinal ; 4 ventro- 

The subncural vessel (Fig. 294) tegumentary ; 5 , commissural ; 6, 

is another important longitudinal veo ™ vcs ' cl ; 1% subn *ural ; G, gut. 
vessel running below the nerve cord in the mid-ventral Line. It is a 
slender vessel that collects blood from the ventral region of the body 
wall and the ventral nerve cord and sends a major portion of it to the 
dorsal vessel through the commissurals. A small branch, the septo- 
intestinal, from the commissural takes part of this blood to the intestine. 
In the wall of the intestine there are networks of blood capillaries. 
There are two such networks. One, the internal blood plexus lies 
between the circular muscle layer of the intestine and its internal epithe¬ 
lial lining; whereas the external blood plexus lies on the surface of the 
gut. The external plexus receives blood from the ventro- and septo- 
lntestinals and passes it on to the internal plexus which also absorbs 
the nutriment and passes the blood to the dorsal vessel through the 
dorso-intestmal. 6 

In the first thirteen segments the dorsal vessel is the distributing 
trunk and naturally, therefore the collecting vessels such as the dorso- 
intestinals and the commissurals are lacking in this region. Anteriorly 
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Fig 29 j. Circulation in the anterior region of Pherflima (after Baktl). I, pharynx; 

2, gizzard ; 3. oC'Ophagu* ; 4, intestine ; 5. dorsal ve»el ; 6, anterior loops ; 7. supra- 
ocsophageil vessel ; K. lateroioteicinal hearts ; 9. sul>reural ; 10, ventral vessel; U 
\cnlro iegutncntary ; 12, lateral hearts ; 13, lateral oesophageal vessel. 

it runs up to the third segment where it divides into three branches 
supplying the walls of the buccal chamber and pharyngeal mass, etc. 
Major portion of the blood is emptied into the so-called "hearts (sec 
below). The sup;a-ocsophagcal (Fig. 296) is a single small longitudinal 
vessel lying dorsal to the oesophagus between the ninth and thirteenth , 
segment. This is a collecting vessel for the stomach and gizzard regions. 

In the tenth and eleventh segments it is connected with the lateral ocso- 
phageals bv large vessels called the ‘‘anterior loops”, whereas, in the 
twelfth and thirteenth segments it is connected with the lateral '‘hearts. 

The lateral oesophageals (Fig. 296) are fairly large vessels on the 
ventro-lateral aspect of the oesophagus. Thcv arise by the bifurcation 
of the subncural vessel in the fourteenth segment. In each segment 
thcv receive delicate branches from the gizzard and stomach. They 
collect blood from this region and send it on to the supra-ocsophagcals. 
through the anterior loops. The ventral vessel runs up to segment two. 
The ventro-tegument nrics of this region distribute blood to the body wall, 
septa and the nephridia of the same segment (not of the hinder segment 
like the intestinal region). All the organs of this region such as the 
spcrmathecac, testis sacs, seminal vesicles, ovaries, oviducts, etc., rccciv 
blood from the ventro-tegumentaries. The ventro-intcstinals arc a sen 
in this region. t 

In the anterior region there arc four pairs of pulsatile ‘ hearts 
(Fig. 296) located in segments vii, ix, xii and xiii. The posterior w 
pairs communicate dorsally both with the dorsal vessel^ an sup—* 

oesophageal, hence called the latero-oesophageal hearts ; others u 
simple known as the lateral “hearts”. Each heart has thick m sw 
lar wall enclosing spacious cavities (Fig. 297). At t J lC C ^ s 
connected with the blood vessels and have valves that 
of the blood. The anterior loops that lie in the tenth and eleventh g 
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Fig. 297. A. lateral "heart" ; B, latero oesophageal "heart." 1, dor»al vessel ; 
2, valves ; 3, supra oesophageal vessel. C, transverse section of anterior segment 
showing arrangement of blood vessels. 1. dorsal vessel ; 2 supra oesophageal 
vessel ; 3, lateral oesophageal vessel ; 4. vcntial vessel (alter Bahl). 

ments and connect the supra-oesophageals with the lateral oesophageals, 
are thin-walled, non-pulsatile vessels devoid of valves. The wall of 
the stomach has a series of circular vessels, the ring vessels about 12 
vessels per segment opening into the supra-oesophageals. They arc 
characteristic vessels of the stomach situated within the muscular coat. 
Through these the blood flows upward from the lateral oesophageals to 
the supra-ocsophageal. 

The dorsal blood vessel collects blood behind the thirteenth seg- 
4 mentand drives it forwards by postcro-anterior peristalsis aided by valves. 
No blood leaves the vessel in this region. In the anterior thirteen seg¬ 
ments it pjmos out and distributes all the blood collected behind. The 
ventral vessel is the main distributing channel. Posterior to the "hearts** 
the blood flows backwards and supplies the body wall and the viscera 
through the ventrr-:egamenttries and the ventro-intcstinals. The 
subncural collects blood from the region of the body wall and sends it 
to the dorsal vessel. Intestine, in this region, has a double supply 
through the vcntro-intestinal (from ventral vessel) and the septc-intcsti- 
Long. Muscles Epidermis Circ Muscles 
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nals (from the commissural vessel). In the anterior thirteen segments 
the dorsal vessel pumps major portion of its blood into the ventral 
through the lateral-oesophageal and lateral “heart* and the remaining 
blood is distributed to thcphirynx, the pharyngeal nephridia, the oeso¬ 
phagus and the gizzard through paired branches. The ventral vessel 
in this region distributes bio >d the How* of which is towards the anterior 
side. As the gut receives blood directly from the dorsal vessel there are 
no vcntro-intestinals in this region. The lateral oesophageals collect 
blood from the peripheral structures and pour it into the supra-oesopha- 
gcals through the anterior loops. The ventral vessel receives all its 
blood from the dorsal and supra-oesophageal vessels. 

Excretory System. The organs of nitrogenous excretion 
consist of scgmentally arranged tubules cilled nephridia, which are 
present in all segments except the first two. Each nephridium opens 
from the coelom by a ciliated funnel, the nephrostome, into a tube 
which loops about in a complicated manner before opening to the 
exterior by the ncphridioporc. I n the simplest case (Lumbricu !, Pcrionyx) 
there is a pair of hrge nephridia in each segment (Fig. 299) lying in the 
ventral and lateral region of the coclomic cavity and in cich case the 
nephrostome lies in the segment preceding the one contiining the main 
body of the nephridium. In Phere/hna ih: nephridia arc numerous and 
are quite small and the maj >r part of the excretory fluid is passed on to 
the alimentary tra:t through an elaborate system of ducts and canals. 
There are three types of nephridia in Ph'retim* named according to their 
positions in the body. Those arranged in relation to the septa arc the > 
septal nephridia, those atrached to the inner surface of the body wall 
arc known as the integumentary nrphridia and those found in the region 
of the pharnyx arc known as the pharyngeal nephridia. 

The septal nephridia (Fig. 289) arc attached to each intcrsegmcntal 
septum behind the fifteenth segment. Each septum bears four rows 



Fig. 299 . The arrangement of nephridia in Lumbrieus. 
of nephridia, two on its anterior face and two on posterior. On an 
average each septum has 40 to jo nephridia attached to its anterior face 
and the same number on its posterior face. Thus each coclomic com¬ 
partment has 80 to 100 nephridia. Each nephridium consists of a funnel 
or nephridiostomc (nephrostome), followed by a short narrow tube. 


I In other worms all the fluid passes out through the nephridiopores. 
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Fig. 300 . A septal nephridium (after Bahl). 
the neck, the body of the nephridium consisting of a short straight lobe 
(Fig. jooj and a long spirally twisted loop; and the terminal ncphridial 
duct which varies in length in different cases. The funnel is a rounded 
structure having a hood-like ciliated upper lip and a comparatively small 
lower lip separated by an elliptical opening, the mouth of the funnel. 
The neck is a narrow ciliated tube leading from the funnel to the body of 
the nephridium, which consists of several loops of the tubule distinguish¬ 
able into two parts. The straight lobe is a shorter part almost half the 
size of the twisted loop. In the straight lobe there are four tubules 
running more or less parallel to one another. The twisted loop is longer 
than the straight lobe and has three parallel tubules within. It is again 
distinguishable into (i) a proximal limb and (#i) a spirally twisted distal 
limb. The proximal limb receives the funnel on the one hand and gives 
off the terminal nephridial duct on the other. The terminal ducts of 
the nephridia attached to the septum on one side open into septal 
excretory canals that run on each septum parallel to the commissural 
vessels of each side. The septal excretory canals in their turn open 
into a pair of supra-intesdnal excretory duct9 which lie dorsal 
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to the gut beneath the dorsal vessel and extend from fifteenth 
to the last segment. These ducts open through several narrow 
ductules, each located near each intersegmental septum. The ex¬ 
cretory fluid collected by each 
septal excretory canal is poured 



Fig. 301. General plan of the neph- 
ridial system in Phtrtlima (aficr Bahl) 

1, 2, 3. ducts of the pharyngeal 
nephridia ; 4. 5, 6, pharyngeal neph- 
ridia cxpo>ed in segments 4th, 5th, and 
6th ; 7, integumentary nephridia ; 8. 

forests of integumentary nephridia ; 
9, septal nephridia; 1U. II. 12, and 
1 J, r ght and left anterior and posterior 
series of septal nephridia ; 14. dorsal 
vessel ; 15, gi/zari ; 16. blood g'and ; 

17, pharynx. 


into the supraintcsttnal excretory 
duct of its side, from where the 
fluid passes on to the intestine 
to be excreted through the gut. 
Such an arrangement of excretory 
system is known as the enterone- 
phric nephridial system as the 
excretory products arc discharged 
into the gut (Fig. 302). 

The integumentary nephridia 
are small nephridia projecting in 
the body cavity. Each nephridium 
is closed internally, has no funnel, 
and opens independently to the 
exterior by the nephridioporc. 
They arc usually 200 to 250 in 
each segment, in the clitellar 
segment they arc more than ten 
times this number forming “for¬ 
ests** of nephridia. In the first 
two segments they arc absent 
(Fig. 301). 

The pharyngeal nephridia 
arc confined to the pharyngeal 
region (iv, v and vi segments), 
only. They arc just like paired 
tufts or bunches. They are large 
like the septal nephridia but lack 
coelomic funnels. F.ach tuft con¬ 
sists of a large number of nephri¬ 
dia, the terminal ducts of which 
join together and form long 
thick-walled ducts. A pair ot 
such ducts lie in each of the iv, v 
and vi segment. They run for 
wards, parallel to the nerve cord, 
and those of the vi segment open 
into the buccal cavity (middle ot 


segment iij while those of the iv 
and v segments open in the phaiynx. 

The nephridia arc richly supplied with blood, from which they 
eliminate excess of water and nitrogenous waste. Excretory material 
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Fig. 302 . Entcroncphric system of Phtnlimo (diagrammatic), 
from the coclomic fluid is also picked up and got rid off by 
septal nephridia. It has been, further, suggested that the “cntcro- 
nephric” type of nephridial system has an additional advantage of 
conservation of water which would ordinarily be lost to the worm. 
This is more useful to the earthworms living in a dry climatic region. 

Nervous System. The nervous system is of the same general 
t/p: thu is found in S-reit. A bilobed ganglionic mass, the cere¬ 
bral ganglia (‘‘brain”), lies in segment three in a groove separat¬ 
ing th: bieeil c umber from the pharynx, and is connected by a nerve 
collar, the circum-pharyngeal commissures to the ventral nerve cord, 
which runs backwards in the mid-ventral line, just inside the coelom, to 
the extreme posterior end. It is actually made up of two longitudinal 
cords fused together. In the middle of each segment the cord is swollen due 
to the presence of two fused ganglia (Fig. 503). At the point of swelling 
three pairs of minute nerves are given off. These nerves contain both 
afferent and efferent fibres and are distributed to the body wall and 
the viscera. The afferent fibres start from a receptor organ in the 
epidermis and terminate in the ventral nerve cord in a tuft of fine 
branches. Forming a synapse with these branches arises the efferent 
nerve that innervates the muscles. This circuit forms, in a way, a 
reflex arc. The nervous impulses are brought by the afferent fibres to 
the ventral nerve cord whence they are reflected back as motor impulses. 
Often a third neurone, the adjustor neurone, is interpolated bet¬ 
ween sensory neurone and the motor neurone to establish connection 
between the two elements. 

Sense Organs. As in other Metazoa, the organs concerned 
with the reception of stimuli from the outside world are situated 
on or near the outside of the body. These are called sense organs 
or the receptor organs (Fig. 304), and are quite simple in struc— 
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•turc in the earthworms, consisting of either single or of small groups 
of specialised ectodermal cells. From the base of each cell a sensory 

(afferent) fibre continues into the 
ventral nerve cord without inter¬ 
ruption and synapses with a fibre 
from an adjustor neurone. Three 
types of receptors have been des¬ 
cribed for Phcretima: the epider¬ 
mal receptors, buccal receptors, 
and photoreceptors. The epider¬ 
mal organs arc found in the epi¬ 
dermis and consist of a group of 
cells each of which terminates in 
a small hair-like process. They 
cause little elevations of the 
cuticle and arc found all over the 
body but arc numerous on the sides 
of the body and on the ventral 
nerve s~ w 1 surface and less on the dorsal 

surface. The buccal receptors. 

Fig. 303 . Anterior part of the nervous as the name indicates, are confined 
•• system of earthworm. thc bucca] chamber and 

arc more numerous. In structure they arc like thc epidermal receptors 
hat they have a broad distal end and their sensory hairs arc much better 
developed. Thc nuclei of the cells of these receptors lie deeper in thc 

cells than do the 
SENSORY HAIR nuclei of the surroun- 

OFnerve CELLS ding cells of the buc- 

/ • cal epithelium. The 

C y™ LE epidermal receptors 

respond to tractile 
stimuli and in all pro¬ 
bability, also to che¬ 
mical stimuli and 

changes in tempera¬ 
ture. 

"SUPPORTING 

The photosensitive 
organs arc found in 
the deeper parts of 
BASAL CELL the epidermis of the 

prostomium and all 
segments except those 
Fig. 304 . Epidermal receptor. of thc ditcllum. They 

arc also absent on the ventral surface. Their number in thc posterior 
segments is lesser. Fach organ is a single cell with a nucleus and 
clear cytoplasm containing a small transparent rod, the optic 
organelle (lens), which focuses light on the neurofibrillac which 
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Timify through the cell. By means of these organs the worms can 
detect changes in the intensity of light. They avoid intense light and 
•withdraw to areas of weak illumination. 

If touched the worm 
contracts at once and dis¬ 
appears into its burrow. 

If an attempt is made to 
pick up the worm it will 
try to escape by violent 
reaction to the grasp. 

A similar reaction oc¬ 
curs if a bright light is 
•' 1 shown on to the front 
end. These reactions 
2 arc possible because of 
the presence of special 
giant nerve fibres in the 
. nerve cord. They arc 
thicker than others and 
4 very long, as long as the 
nerve cord itself. Each 
. fibre has been shown 
to be a chain of short 

6 compound axons. They 

7 conduct impulses very 

8 rapidly from one end 
ot the worm to another 

9 and make the instanta¬ 
neous reaction possible. 

Reproductive Sys¬ 
tem. The earthworm 
is monoecious or her¬ 
maphroditic, and in this, 
,c and in the restriction 
of the reproductive or¬ 
gans to a few anterior 
19 segments, differs from 
those less specialised 
Fig. 305 . Reproductive system of PhtrtUma. annelids, the Polychac- 
1 . soermatheca, 2 , testis; 3 . funnel ; 4 , lateral tes. Though hermaphro- 
seimnal vesicles; 5, ovary ; 6, chtellum : 7 . oviduct ; 

vasa deferentia ; 9 . vittral nerve cord ; 10. pro- d,tlC * ^e earthworms 
state gland; 11, prostate duct; 12, accessory glands; arc not selr-fcrtilizing, 
13 , funnel of the oviduct; 14 , testis sac; 15 , ventral but pair together (copu- 
veael; 16 , cerebral ganglia; 17 , subpbaryngeal late) and later deposit 

<rt?r toil). ’ 1 ' S ' 8m “' Sl nerv “ their eggs in cocoons. 

. Thus, the reproductive 

processes are determined by two conditions; the ensuring of cross-ferti¬ 
lization and the deposition of the cocoon. The complicated reproduc- 
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tivc apparatus of earthworms consists of three complemental systems 
that work in harmony to ensure these ends. These parts of 
the reproductive apparatus are the gonads and gonoducts (essential 
reproductive organs) ; the spermathccac, and the clitellum (the accessory 
reproductive organs) together with other regions of the body wall 
specialised to play a part in the reproductive activities. The gonads 
(as in all other coclomatcs) arc produced by the proliferations of the 
coclomic epithelium and the gametes arc liberated into the coelom 
wherefrom they pass to the exterior by way of coclomoducts which, 
thus, function as gonoducts. 

There arc two pairs of testes 'Fig. 305) lying in the tenth and 
eleventh segments. Each testis is a minute white body which lies- 



Fijr. 303 . Transverse section of c-inhwonn through te;tei and seminal vesickt. 

diagrammatic). 1. cuticle ; 2. eplderm s ; 3. cite -Ur muscle, ; 1 

nusc e fibres; 5 , dorsal vessel ; 6 . intersegmental septum ; 7 , stipra*oewpha?ca 
S3f; 8. seminal vesicle; 9. oesophagi . 10. cavity of tetus-cs ' 

i esophageal j 12, te,tis ; 13. testis >ac ; 14. vat deferens ; 15, ventral vessel . 

16, nerve cord. „ 

close to the middle line and is made up of four to eight digitate pro- 
cesses arising from a narrow base. They arc very small and can h 
cen onlv under a strong lens. The testes are shut off iron, the 
pcneral body cavity by partitions developed Irom the coclomic p 
thelium forming testis sacs (Fig. }° 6 ). Thus there arc two ' s 
sacs lying ventrallv beneath the oesophagus, one behind f 
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seminal vesicle (Fig. 306) of its own side. There are two pairs of 
seminal vesicles lying in eleventh and twelfth segments. The testis 
sac of the tenth segment communicates with the two seminal vesicles 
of the eleventh segment, while the testis sac of the eleventh segment 
communicates with the two seminal vesicles of the twelfth segment. 
The testis-sac of the eleventh segment is quite spacious and encloses 
the seminal vesicles of the segment. The seminal vesicles are formed 
as outgrowths of the septa hence also referred to as septal pouches. 

From the testes the spermatogonia or sperm-mother cells, arc 
released in the cavities of the testis-sac from where they pass 
into the seminal vesicles where they develop into spermatozoa. The 
mature sperms move back to the testis-sacs and pass out through the 
spcrmiducal funnels. Each spermiducal funnel leads into a spermi- 
duct or vas deferens. There arc two slender vasa deferentia on each 
side that run backwards on either side of the nerve cord anti open 
to the exterior in segment xviii. Before opening they arc joined in 
their course by the prostatic ducts cnshcathcd in common sheaths, and 
open independently at the base of a pit in the eighteenth segment. 

The prosiategland (Fig. 305) arc irregular white solid structures 
lying between segments xvi and xxi. Each consists of glandular as 
well as non-glandular portions. The glandular portion comprises 
large racimose glands which secrete profusely. Non-glandular portion 
has small ductules that finally form the common prostatic duct 
which is curved tube that is joined by the two vasa deferentia 
during its course immediately on emergence from the gland. The 
three ducts are cnshcathcd in common muscular sheath to form a thick 
muscular duct. The three tubes inside remain separate and no mixing 
of the spermatic fluid and the prostatic fluid is possible within worm’s 
own body. What is the function of the prostatic fluid is not known. 

The essential organs of the female system consist of a pair of 
ovaries (Fig. 303) and oviducts whereas the spermathecac arc the 
accessory organs. The ovaries hang in the thirteenth segment, being 
attached to septum 12/13, one on either side of the nerve cord. Each 
is a minute whitish mass in which the ova, in various stages of 
development, arc arranged in a linear series. The oviducts are two 
short conical tubes each with a large oviducal funnel at its free end. 
Each oviduca funnel is more or less saucer-shaped structure with 
folded and ciliated margins, and lies immediately behind the ovary. 
The oviducts run behind, perforate the septum .5/14 and converge, 
meeting finally in the body wall beneath the nerve cord to form a 
^°“ C , ommonduct ,hat “I*" 5 «the oviducal aperture or the female 
5 "“® r V ' °P en ' n S the fou«“nth segment. Internally the ovi¬ 
ducts are ciliated. There are four pairs of spcrmathecae fFic 

!fe 5) flaT£ ed A ,he 5ix,h : Se L Ven,h ' eighth and ninth segments. They 
From tt nafro St ““ th f bod y °f which is known as”the ampulla 

° f each t ans “ 3 simple elongated diverticulum 

sperms are store71n S the eS ampdla S . Permat02 ° 1 ' In ° ther WOrmS the 
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Fig. 307. Two earth¬ 
worm* copulating. 1, 
male generative papilla; 

2, spermathecal pore ; 

3, clitellum. 


Copulation. Two worms meet and become apposed to each 
other in head to tail position so that the male generative apertures of 
each worm lie opposite the spermathecal pores of the other. The 
areas of the male generative apertures arc raised into papillae which 
arc inserted successively into the various pairs of spermathecal pores 
from behind forwards, thus filling the spcrmathccac with spermatozoa 
and prostatic fluid. After the completion of this process they separate. 
In others the method of copulation may differ in minor details. In Eutj- 
photus waltoni the area surrounding each spermathecal pore is raised 
to form a papilla which fits closely in male genital cup formed temporarily 
around the male generative aperture. The ends of the spermiduct and pros- 
tatic duct arc everted out to form penis that bears a pair of penial setae 
and is inserted into the spermathecal pore to transfer the spermatozoa 
to the spcrmathcca (Fig. 307). 



Fig. 308. Cocoon formation 
in earthworms. ‘A. slime tube for¬ 
med (3 ); the clitellum (2) secretes 
a cocoon membrane ; B, -worm 
begins to withdraw ; C. worm 
withdraws fully, cocoon hardens, 
its edges close ; D, cocoon. 


Nothing is known about the cocoon formation in 
has however, been studied well in many other worms such as Euma 

The cocoon is a product of the clitellum and 

its formation is preceded by the secretion, by the epidermal m 
cous cells of a slime tube, which cnshcaths the body from “S™ 

Six to just’ behind the clitellum, which sccrc.cs .he cocoon 

tnd then albumen between the membrane and the surface of the clitellum 

f,"elf Then the eggs pass out into the albumen and soon a wave of 
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the cocoon passes through the region of the spermathecac sperms arj 
also passed out into it. As soon as the cocoon is thrown off its both- 
ends close up owing to the elasticity of its walls. The cocoon thus formed» 
is laid in the earth. The slime tube dries up and the cocoon becomes pro¬ 
gressively darker. The cocoons of Pberetima arc more or less spherical, 
in form and of light yellow colour. Within, the entire space is filled 
with a thickish albumen in which the eggs are fertilized and development 
takes place. As a rule only one embryo attains final stages of develop¬ 
ment though occasionally more may be found. As the eggs develop* 
in cocoons, it may be mentioned, that here the trochophore stage 
(Fig. 263.) found in the polychaete worms is suppressed.. Deposition of 
cocoon begins about 24 hours after copulation and may continue at least 
for a year without further pairing. The seminal fluid from one copula¬ 
tion is sufficient for several months of viable cocoon production, but 
under natural conditions copulation occurs at every opportunity. 

It has been observed that cocoons may be laid by individuals which 
have never copulated. This has been reported in case of many species 
but not known so far in Pberetima. Such cases were believed to be 
due to self-fertilisation that might have taken place in some way- 
Recently Muldal has shown that in most such cases parthenogenesis occurs. 
This may be obligatory or facultative. 

The cocoons of Pberetima arc laid during and after monsoon when there 
is plenty of moisture in the soil and the temperature is suitable for the 
development of the embryo. In gardens and other moist places, on the 
other hand, the cocoons may be found in April, May and June. 

Development. The rounded ovum of earthworm contains very small’ 

quantity of yolk. Cleavage 
is unequal but holoblastic. 
Two kinds of cells arc pro¬ 
duced after some time: 
The small ones are the 
micromeres and the larger 
ones are the megameres. 
A segmentation cavity ap¬ 
pears in the interior form¬ 
ing a blastula, whose walls- 
are composed of a single 
layer of cells, but the 
ones at the lower end are 
larger than those above. 
Soon after the segmenta¬ 
tion cavity is formed a cer¬ 
tain cell, the pole-cell of 
mesoderm (mesoblast or 

bryo^kte Briln " F ' C * ° f * young em ‘ sfomobIas ' cell) is cut off. 

_^ i ^ divides forming two 

pole-cells which project into the cavity of blastula near the equator 
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and remain inactive for a time while the other cells of tne blastula 
continue to multiply. But soon the pole cells become active, multiply 
and form two rows of small cells which arc the mcsoblastic bands of 
the embryo (Fig. 109). 



Fig. 3 10. A transverse section of the oval embr>o (after Bahl). 

Now the blastula elongates and flattens forming a structure with 
the small cells above and large columnar cells below, while the 
mcsoblast cells lie in the equatorial plane.; Gastrulation begins at this 
stage bv invagination. The lower surface made up of large cells is 
pushed inwards. Meanwhile the micromcrcs multiply and keep on 
growing over the mcgamcrcs. The invagination produces a groove 
the blastophorc, on the lower surlace. The blastopore leads into the 
invaginated cavitv, the archcntcron. lined on both sides by the pro¬ 
ducts of the mcgamcrcs. The result of gastrulation is the formation 
of three primary germ-layers. The outer surface made up ot micro- 
meres forms the ectoderm, the products of the mcgamcrcs lining tne 
entcron constitute the endoderm, while the pole-cells and their pro uc 
fill in the space between the two and form the mesoderm (rig. 3 1 )• 

The blastoperal groove begins to close from behind forwards till 
only a small opening is left at the anterior end. This per-«■ • 

mouth and leads into a small stomodaeum «med by ectoderm^^The 
stomodaeum leads into the archcntcron. The c "»bno ad . 

yolk contained in the cocoon. The anus I s . cntcron 

vanccd embryo as an ectodermal mvagmat.on fusing with the ente 
in the last segment of the worm. 

The cells of the mesoblas.ic band multiply and 
ber <,f mesodermal blocks the mesodermal somite in tl c^anterop 
terior direction. Firs, they are solid but soon become: M'°J 
the beginning of the coelom The lateral son .,« 
ties grow dorsallv and vcntrallv ultimate!. fusing * csodc nn, The 
the result that a continuous space is formed in somato plcurc 

layer of mesoderm in contact with the body wall is th Y 
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four most valuable soil, and even now they are ceaseiessw 
proving it. Their continual burrowing in search or toon 
lening of the earth particles and the formation of 
»t open the way alike for air, rain drops and plant root- 
the soil soft by bruising the soil particles 10 ,he ? l2za „ 
•ities of the worms both drain and aerate the • ( 

the earthworms arc continually bringing U P / IC „ 
he surface. This takes the form of the familiar «°rm 
consist of the finest soil particles as they 
and go. mixed up with organic matter and n £ ^ 
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powder over the surface of the soil and a new layer of tilled earth 
is in process of formation. The importance of their humble labour is 
actually sublime. Darwin showed that there are, on an average, over 
5 3,000 worms in an acre of garden soil, that ten tons of soil per acre 
pass annually through the bodies of the inhabitants (earthworms); and 
that they bring up mould from below at the rate of 3" of thickness in 
15 years. 


CLASSIFICATION 


Class Oligochaeta. The Annelida with segmentation conspi¬ 
cuous both externally and internally. Parapodia are lacking, a 
distinctive head is not formed ; setae usually few per somite ; seldom 
with gills. Individuals are hermaphroditic, gonads few and anterior. 
Development takes place within cocoons secreted by the clitellum. No 
larval stage is met with as the development is direct. They arc chiefly 
inhabitants of fresh water and moist soil. They are divided into several 
families which are grouped into two groups according to habitat— 
earthworms living in soil and aquatic Oligochaeta living in water. This 
grouping, however, cannot be made a basis of classification. The classi¬ 
fication here followed follows that of Michaelsen (1920) with the dif¬ 
ference that his suborders have been raised to the status of orders here. 


Order Archioligochaeta. The Oligochaeta in which the setae 
present an indeterminate number per bundle, and the worms them¬ 
selves arc with relatively few segments. The male ducts are short, 
opening in the segment immediately behind that in which their internal 
openings (spermiducal funnels) arc situated. Most of them often mul¬ 
tiply asexually. Gizzard is ill-developed, non-muscular or lacking. The 
clitellum is simpler and situated far forwards. Eye spots are frequently 
present. 


Important genera include Atolosoma and Chaetogaster commensal 
on freshwater sponges, bryozoans and snails ; Tubifex , lives in delicate 
tubes in mud ; Enchytratus , in soil and on sea beaches ; Aulodrilus , forms 
tubes and in these the hinder end of the body acts as a gill; Nats found 
in freshwater almost all oyer India and also in Europe; and Brancbiodnius 
found only in India and is known for the fact that it possesses gills and 
asexual division is without the production of a budding zone. 

Order Neooligochaeta. Mostly large Oligochaeta in which 
the setae present lumbncine or penchaetine arrangement, the vasa de¬ 
ferent,a are elongated, pass.ng through two or more segments, thus the 
maie pores are not s.tuated on the segment behind that of the female. 
The clitellum ,s relauvely thicker being made of two layers of cells 

' ;»•*»& 
bricus and Pbmlima, etc. -- 1 P * P ' non J*> Mt&scoUx, Imw- 
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CLASS HIRUDINEA 

Definition. Elongated vermiform Annelida in which the body 
consists of limited and definite number of segments each of which is 
divided externally into annuli or secondary rings. Anterior and pos¬ 
terior ends of the body provided with suckers. Body without setae 
(except AcantbobdtUa) or parapodia, and with median genital openings. ^ 
Hermaphroditic. 

General Characters. The Hirudinea (Lat. hirudo , a leech) form 
a relatively small but well-defined group of segmented worms which 
are generally adapted to an cctoparasitic mode of life. The body is 
externally marked with a number of transverse rings, the annuli, which 
are short and mav be more or less indistinct. These rings do not 
correspond with the internal segments, which may be indicated by in¬ 
complete partitions. The number of annuli per segment differs m 
different animals. They may be three (Branch, llion), six ( Pontobdella ), 
five (Hirudo) and twelve ( Piscicola ), corresponding to one true segment. 
Towards the two ends of the body the segments arc reduced in size 
and other respects, the number of annuli is also reduced. There is always 
a posterior sucker formed by the fusion of six or seven true segments ; 
and generally an anterior sucker at the anterior end of the body. Both the 
suckers arc ventral. The anus opens dorsal to the posterior sucker, 
and the mouth is on the ventral surface in the anterior sucker. The ani¬ 
mal moves in a looping manner by means of its suckers. There are no 
parapodia or setae (except in AcanlMdclIa ), or head appendages, but 
in one genus (Branch,lHon) there arc leaf-like branchial processes on 
the middle part of the body. The segmental sense-organ ‘^r sensory 
papillae arc arranged on the annuli in transverse rows. «On the head 
some of these organs are modified into eyes. The ^ 

coloured owing to the presence of pigment. The< c ® n * 1 * 
of glandular development of the skin of the 9th, 10th and nth seg 

ments. . . 

In the typical leeches the coelom is difficult to trace cojnjWjJ 
the adult, but it is undoubtedly present m the «nbry° and .u of «»•> 
annelidan form having a series of pa.red cevit.es in "last.c 

Sy to other s'tructurcs^uch'as th^tubes 

system 

the Other, the male being anterior, in the m.dvenra lme of i 

cither on stones or plants or in damp js unkno wn 

d S' m "X”s4r; ,e 
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of a passing man or beast, n iewainivu.uu,.».« w -- 

they devour earthworms, insect larvae, tadpoles and even small fishes. 

TYPE HIRUDINAR 1 A ^ 

Hirudiiuria, the Indian cattle-leech, is found all over India. It is 
found in fresh-water ponds, tanks or reservoirs. Like most ectopara- 

•E 1 — * .5* -“■« «* — “U'p'te Sg c » 

t*OVOM*JM—r<d a 5 They have to swim 

s about to locate victims^ 

'luCKW ^ as they are less modified 

than the parasitic flukes 
N£PHR/DiOPOP£^^J^Xr'ia 01 tapeworms, and have 

eycs.'^Ordinarily the lee¬ 
ches reach a size of 4 to 
6 inches in length but a 
matured specimen may 
attain a length of twelve 
to fourteen inches*— In 
.contracted condition the 
'J>ody appears almost cyl¬ 
indrical, but in a state 
of extension it is dorso- 
vcntrally flattened. CThc 
animal is beautifully 
coloured^ ' The dorsal 
- surface is dark green 
generally,, in younger 
specimens it may be olive 
green, mottled with dark 
stripes and spots through¬ 
out, whereas, the ventral 
surface is orange yellow 
or orange-red in colour. 
The sides often show 
distinct stripes orange or 
yellow. The lateral stripes 
are bounded below by 

* broad black or dusky 

" submarginal stripes and 

dorsally by a series of 
>. segmentally arranged 

* black or dusky spots. 
Colour often presents 
individual variations. 
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Fig. 314. Ventral (A) and lateral (0) views of cephalic regions of Hirudinaria. 

U ndcr natural conditions the body is soft and flacid and the skin always 
remains moist and slimy due to profuse secretion of mucous from the 
skin. If a large number of leeches arc kept in small quantity of water, 
the slime turns the water into a viscid fluid which becomes uninhabit¬ 
able for the leeches themselves. 


The segmentation of the body externally docs not correspond with 
the internal segmentation. Externally there appear more than hundred 
annuli or rings separated by well-marked grooves, though there are' 
only thirty-three true body segments. Each true body segment, thus, 
includes five annuli. The integument of each annulus is divided into .’ 
several roughly rectangular areas by short longitudinal wrinkles. Each f 
area bears elevated papillae in which are lodged receptor organs. 

Both the anterior and posterior suckers arc recognisable in this type. 
The anterior sucker, also called the cephalic sucker, is formed by the,' 
fusion of some anterior body segments with the prostomium. Situate 1 
at the ventral surface of the anterior end, it is oval in outline with a cu Pj* . 
like depression in the centre. Its anterior border is free and mobile and 
is bent over the mouth forming a sort of upper lip. Its function is to 
aid locomotion and prehension. The posterior sucker or anal sucker isj 
a highly muscular circular disc at the posterior end of the body directed, 
ventrally (Fig. 313.) It is formed by the complete fusion of seven-body 
segments. This is indicated by seven sets of segmental receptors, each 
arranged in a semicircle. The sucker acts as a powerful organ of adhesion.. 

The mouth is situated in a cup-shaped depression, the pre-oral;* 
chamber, of the anterior sucker. It is a triradiate aperture. The • 
anus is a minute opening situated dorsally at the root of the posterior 
sucker (Fig. 313). Besides these openings there are seventeen pairs ot, 
minute apertures, thencphridioporcs, situated on the ventral surface ot 
body beginning from the 6th somite. Each pair of openings lies 
on the last annulus of each somite, the last being on the 22nd. The 
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generative apertures are median and ventral. The male generative aper¬ 
ture is situated in the groove following the second annulus of the tenth 
somite on a swollen area encircled by a furrow. Sometimes a filamentous 
penis is seen protruding through the aperture. Hie female gcn^ative 
aperture is a little behind the male pore in the groove between 
the second and third annuli of the eleventh somite. The latter is small 
and less prominent (Fig. 313). 

The head region (or cephalic region), is made up of the first five 
segment, the oculur segments, of the body in which the nephridpores 
arc absent (Fig. 314). Corresponding to the prostomium ot other 
annelids in this case also there is a small preocular lobe, the prostomium. 
The five segments following this bear five pairs of eyes (hence called 
ocular segments). The segment just behind the prostomium bears the 
first pair of eyes. The second segment bears the second pair and so on. 
The first two segments are not marked by grooves, in other words they 
are unannulated. The third segment is biannulated and the fourth and 
fifth segments arc each triannulate. In each case the first division ot 
the segment bears the corresponding pair of eves. The eyes appear as 
black dots on the dorsal surface. The upper lip is formed by the first 
> three segments with the prostomium (Fig. 314)- 

No permanent clitellum exists in Hirudinaria , but during breeding 
season the walls of complete ninth, tenth and eleventh segments become 
y glandular and usually develop different colours though the separate identity 
'1 of the segments is retained. On this basis these segments arc referred to 
constitute the clitellar region and the three preceding segments (sixth, 
seventh and eighth) from the preclitcllar region. Of these the sixth is 
\ triannulate and two are completely quinquannulatc. Likewise segments 
a.' twelfth to twenty-second are known to form the middle region of the 
body. This is the longest part of the body and all the segments carry 
nephridioporcs. This region is followed by the caudal region which 
consists of four incomplete segments (twenty-third to twenty-sixth). Of 
these the twenty-third is triannulate but the remaining three are biannulate. 

. ' They are without nephridioporcs. The last three segments of this re 
gion form the stalk of the posterior sucker which consists of seven seg- 
ments. 

Body Wall. The cuticle forms the outermost covering of 
• * the body wall, and is followed by the epidermis, dermis, the muscu- 
.••* lature and the botryoidal tissue. The cuticle is a transparent colourless 
membrane of variable thickness forming a firm but moderately clastic 
4 outer covering. It is perforated by the external openings of the unicellular 
epidermal glands. It is secreted by the underlying layer of epidermis 
* and is cast off in the form of thin transparent shreds. Normally a well- 
•; fed leech casts off its cuticle once in every two or three days, but if it 
is kept in dirty water the cuticle is cast off more frequently (Fig. 315.) 

. f The epidermis consists of a single layer of ectoderm cells underlying 
% the cuticle. The cells are broader towards the outer side and narrower 
towards the inner side. The narrow inner side carries the nucleus. 
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Fig. 315. Cross section of the body wall of a leech (after Bhatia). 

The blood capillaries penetrate between the cells of the epidermis 
forming a vascular membrane. The epidermis also shows various 
types of unicellular glands, which become especially enlarged and 
sink down in the deeper layers. These glands arc scattered all over 
the body. They arc pear-shaped and also produce slimy mucous 
which covers the entire body. They arc often referred to as slime 
glands. Likewise the gland cells situated in the suckers arc known 
as the sucker glands. They arc always found in groups. In the 
prostomium the prostomial glands arc located in a series of dis¬ 
tinct groups. The clitellar glands are found in the clitcllar region. 
Associated with the epidermis arc also found groups of modified 
epidermal cells, the receptors, which show a high grade of differen¬ 
tiation. 



Fig. 316. Muscles ol Hirudin*** 
(after Bhatia). A. part of a muscle 
fibre in longitudinal section ; B, tnC 
same in cross secti on. 1, cortex ; l, 
nucleus ; 3, medulla. 


The dermis is the next layer inward. It varies in thickness 
i the different regions of the body. It consists of a network o 
onnectivc tissue fibres in the meshes of which arc found various 
>rms of connective tissue cells, pigment and fat cells, scattered mus¬ 
ic fibres and branches of hacmococlomic channels. Pear-shaped an 
ibular continuations of the ectodermal glands also extend into this- 

>cr. 
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The musculature consists of two layers : an outer thin layer of 
circular muscle fibres just below the dermis and an inner layer 

of longitudinal muscle fibres consisting of several strata. The fibres of 
the inner portion of the circular muscle-fibre layer are arranged in oblique 
manner, so much so that the layer of oblique 
cells has been referred to as a separate layer 
by some authors. The longitudinal mus¬ 
cles form the thickest part of the muscula¬ 
ture. Besides these layers of muscles there 
are some isolated bundles of muscles that 
run either obliquely or in straight lines from 
the dorsal to the ventral surface. They run 
across the circulars and longitudinals and 
their ends spread out and terminate beneath 
the epidermis. Some of these arc centrally 
placed running by the sides of the alimen¬ 
tary canals and are known as the dorso- 
ventrals, whereas, those lying near the 
flanks of the leech are termed vertical 
muscles. The elaborate musculature 
helps the animal in performing necessary 
movements needed for locomotion. 

The muscle fibres have a characteristic 
f structure consisting of elongated fusiform 
ceUs arranged cither singly or in bundles. 

Each cell, moreover, consists of a cortex 
of striated contractile substance and a 
medulla of unmodified protoplasm contain¬ 
ing a large oval nucleus. In transverse 
section a muscle fibre appears tubular being 
made up of a radially striated ring enclosing 
a central mass of granular cytoplasm (Fig. 

316). 

The botryoidal tissue lies beneath the 
layer of the longitudinal muscles. It con¬ 
sists of masses of mcsenchymatous tissue, 
the cells of which are arranged from end 
to end and contain intracellular capillaries 
filled with red fluid, in life. The walls of 
these cells are pigmented, being loaded with 
dfljk brown pigment. 

Locomotion. On a substratum leeches move by performing looping 
movements like those of a caterpillar. First the animal fixes the posterior 
sucker to the substratum. The adhesion of the sucker is helped by the 
secretions of the sucker-glands. The fixation of the posterior sucker 
initiates the contraction of the circular muscles and relaxation of the longir 
tudinal muscles with the result that the body elongates. The elongated 





Fig. 317. Locomotion of 
leech illustrated by a series 
of diagrams. A, ready to 
move with posterior sucker 
fixed to the substratum and 
attempting to expand the 
body (B—D). E, fixes anter¬ 
ior sucker to the substratum 
and pulls the body forward 
(F-H). *1, J,' repeals the 
frocess for further progres¬ 
sion (after Bhatia). 
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■body finally bends its anterior edge towards the substratum and fixes the 
anterior sucker. The adhesion of the anterior sucker initiates the relaxa- 
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Fig. 318. Right. dissection of the leech .howing .he digejtive and 
nnrtion of the gut hat been removed to show the nephridia. Leu top, r 
afloogitudioJiUy ; middle two successive chamber, of die «£■*-*»«« 
pen; lower, the last chamber ol the crop, and intestine and the rectum ( 
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Fig. 319. A, longitudinal section of the anterior end of leech. 1, prostomi- 
um ; 2. teeth ; 3. pharynx. B, salivary glands of the leech. 1, salivary ducts • 
2, nucleus ; 3, salivary glands ; 4, radial muscles. * 

tioQ of circular muscles and contraction of the longitudinal muscles with 
the result that the posterior sucker is let off and is drawn close to the 
anterior where it is fixed forming a loop. As soon as the posterior sucker 
.is fixed the anterior one is released and the body elongates, and thus the 
animal moves in the desired direction by alternating changes in the 
length of its body. Leeches also perform swimming movements. The 
dorsoventrally flattened body assumes the form of a flattened band which 
moves in water by successive undulating movements. 


Digestive System. The digestive system comprises the 
alimentary canal which is a straight tube extending from the mouth 
to the anus. On the ventral side of the anterior sucker there is a cup¬ 
shaped depression, the pre-oral chamber, at the base of which is the 
triradiate opening, the mouth. The pre-oral chamber helps in sucking 
blood, as such, it is very well developed in blood-sucking leeches. 
Between the mouth and the buccal cavity there is a more or less complete 
partition, the velum. The buccal cavity js a short chamber behind the 
velum. The wall of the chamber is marked out by the presence of three 
muscular cushion-like thickenings, the jaws (Fig 5,9), of which two 
are vcntro-lateral and one medio-dorsal corresponding to the slits of th* 
triradiate mouth. When a leech bites the jaws are protruded through 
the mouth into the pre-oral chamber, the three lips of the velum contract¬ 
ing to allow the protrusion. At the summit of each jaw there arc rows 

?’. thC U 5 lCS • *?° rnC ° n . a ' idgC formcd b y s P ccial thickeri- 
3 * 3 C ; U ’f lc - Th ' . dcnt V deS numbcr, ng *03-128 in the median jaw 
and 85-1x 5 in the paired jaws form a sort of semi-circular ridge. On each 
*ide of the jaw there are numerous button-shaped protuberances the 

of which bears 1 number ° f ™ nute -A? 

buccal cavity (Fig M 9) leads into an oval muscular sac, the 
pharynx, which is externally surrounded by large masses of unicellular 
pyriform glands, the salivary glands. The ductules of these glands 
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Fig. 320. Transverse section of the leech isemidiagrammatic). 

run forwards in groups or bundles and enter the three jaws. The sali¬ 
vary glands secrete a substance which prevents the coagulation of blood 
facilitating the act of sucking. The pharynx leads into the oesophagus, 
a short narrow tube opening into the crop. The crop (mid-gut) is the 
largest portion of the alimentary tract occupying almost two-thirds of 
the visceral space between segments ix and xviii. It has ten pairs of 
lateral caecae. The anterior caccac arc usually small, but the succeeding 
ones go on increasing in si?c, the last pair being the largest reaching the 
22nd segment. They arc simply elongated blind sacs lying one on cither 
side of the intestine. The stomach is the next part of the gut lying in the 
nineteenth segment. It is a small, more or less, heart-shaped thin-wallcd 
chamber, the walls of which arc internally folded. It leads into a straight 
narrow tube, the intestine, from which it is not clearly demarcated exter¬ 
nal! v. It extends from the twentieth to the twenty-second segment. 
Internally its walls-arc folded forming villi like structures to increase 
the absorptive surface of the intestine. The intestine leads into the 
rectum, which is a thin-wallcd tube without any inner folds. It opens 
to the exterior through the anus (Fig. 318). 

Feeding. In feeding a leech attaches itself to its prey by the posterior 
M.rker applies the anterior sucker to the skin and makes a wound with 
the he Id of little jaws inside the mouth. The incision is tri-radiatc and 
it lavs open the cutaneous vessels from which the blood is sucked in. 
The suction is done with the help of the pre-oral chamber, the buccal cavity 
and the pharynx that form highly efficient apparatus for the P ur P oS ^ 

1,. rU raJsuck blood several times its own weight in a single meal. \\ h 
^iv. tract is filled with blood it drops off. It then prefers darker 
remains in concealment till this meal lasts. It remains turgid 
P h C ,? rlnnTthe meal. I.argc blood meals are few and far between 
but the lateral pouches of the digestive tract hold enough blood to.last 
for months The salivary glands of leeches produce a substance, hirudin 
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■which prevents the coagulation of the blood while the leech is taking 
meal. For this reason a wound made by a leech continues to bleed for 
a long time after the leech has detached itself. 

The digestion of a full meal takes a long time, as mentioned above. 
The blood is haemolysed, that is, the blood corpuscles burst and their 
haemoglobin contents dissolve. The stomach and the intestines arc the 
regions of digestion and absorption. Some authors have even reported 
the presence of proteolytic ferments in the system. The absorption of 
the digested blood takes place slowly in the intestine. The faecal matter 
is discharged through the anus. 

Coelom. The coelom is reduced in leeches due to the growth of 
botryoidal tissue which brings about the adhesion of the alimentary canal 
to the integument. It is spacious only in Acanlhobdella and is 
divided by septa as in the oligochaete worms. In all other leeches it is 
much broken up, and though retains its relations with some of the organs 
like the ventral nerve cord and the principal blood vessels,etc., it is largely 
without a perivisceral character. It has the form of longitudinal canals 
or sinuses connected by a complicated system of intercommunicating 
spaces. In the leech morphology this system is called the sinus system. 
In Hirudinaria there are four haemococlomic longitudinal canals two 
lateral, one dorsal and one ventral, an elaborate system of branches of 
these canals and a large number of other spaces some of which arc coelo- 
mic while the nature of others is doubtful. All the canals arc thin-walled, 
their walls consisting of connective tissue and coclomic epithelium ; but 
the walls of the lateral canals have become secondarily muscular. All the 
four canals communicate with each other. Through the coclomic canals 
circulates the coelomic fluid in which is dissolved the respiratory pig¬ 
ment, haemoglobin, and which contains numerous colourless amoeboid 
corpuscles floating in it. Because of the presence of the respiratory pig¬ 
ment the fluid is called the haemocoelomoic fluid and the canals arc 
called the haemococlomic canals. In Hirudinaria^ thus, the coelomic 
canals are filled with blood-like fluid and true blood-channels are lack¬ 
ing. The same is true of Hirudo. 

Lcydig, on the other hand, held that the sinus system and the vascular 
systems were distinct. He was supported by various workers. But now 
the majority recognizes that the two systems are distinct but they are con¬ 
tinuous through their finer branches. Goodrich proved that in Hirudo 
the contractile and non-contractile vessels were continuous with each 
other and that the coelomic fluid circulates through them. To the fluid he 
gave name of ‘haemolymph* and thus called the system as ‘haemolymph* 
system. The same is true of Hirudinaria. 

The true coelom containing fluid without the respiratory pigment 
is restricted, m Hirudinaria , to the testis-sac and ovisacs. In the early 
stoges the oviducts open in the spaces surrounding the ovaries, but soon 
these spaces close to form ovisacs before the formation of the respiratory 
pigment. The testis-sacs also close in the same manner. • 
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Fia. 322. Diagrammatic cross-section of 
nephridial branch. 
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leech through the region of the- 


peripharyngeal nerve ring and the sub-pharyngeal ganglia. The course 
of blood in this vessel is from anterior to the posterior end. From each 
segment two pairs of branches arise from the ventral canal; the first pair 
arises at the level of each nerve ganglion and each branch divides into two- 
the ventral branch and the abdominodorsal. The ventral branch forms 
a capillary network in ventro-lateral aspect of the body wall while the 
latter passes upwards and forms a dorso-lateral cutaneous plexus. The 
second pair is of the nephridial branches supplying the testis-sacs and' 
nephridia. These arc found only in the eleven segments which have testis- 
'sacs. The channels have thin walls and arc devoid of valves. After 
passing over the testis-sac each branch enlarges into two or three closely 
set saccules, the perincphrostomial ampullae, containing the ciliated 
organ of the nephridium and finally it passes out and breaks to form a 
capillary network in the body wall. 

The lateral haemococlomic canals arc symmetrically placed, one- 
on either side of the digestive tract. They are large valvulated vessels 
of uniform diameter and their walls have acquired musculature second¬ 
arily. Each lateral channel receives two branches, the latero^-latcral and' 
the latero-dorsal, and gives off one branch, the latero^ventral, in each 
segment. The short latero-lateral enters the lateral canal at the level: 
of the base of each nephridial vesicle. It is formed by the union 
of a branch from the skin with a few branches from the nephridium. The 
latero-dorsal enters the lateral canal at the level of the main lobe of the 
nephridium. Each is formed by the union of some branches from the 
superficial cutaneous capillaries of the dorsal and dorso-lateral regions, 
and a number of branches from the wall of the gut. In each segment 
the two latcro-dorsals of the opposite side are joined by a transverse loop,, 
the dorsal commissure of the lateral canal, above the dorsal canal. There 
are seventeen such loops in segments vi to xxii. There is another 
commissure in each segment connecting the latero-lateral and latero-dorsal 
branches of each side. This is known as the lateral commissure. The 
latero-lateral and the latero-dorsal are collecting vessels and pour the 
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Fig. 323. Diagrammatic cross-section of leech through the region of latero- 
• dorsal, also showing abdominotlorsal branches. 

haemococlomic fluid in the lateral canal. Their openings into the lateral 
canals are provided with valvular arrangements. 

Three sets of capillary networks are distinguished in Hirudinaria. 
The first is an inner deeper set of botryoidal capillaries which receive 
their supply from the branches of the ventral canal and cover the viscera 
by a fine capillary network. The second is an intermediate set of capillaries 
arising from the latero-vcntral branches of the lateral canals and the 
third is the superficial cutaneous capillary network which extends into 
the epidermis and its branches also enter the latcro-dorsal branches. 

Course of Circulation. The fluids flow in a definite direction. 
The dorsal and ventral canals arc distributing vessels while the lateral 
canals arc collecting as well as distributing vessels. All the four canals 
communicate with each other at the posterior end (Fig. 324).Thc dorsa 
canal distributes the fluid in the region of the dorsal, and dorso-latcral 
parts of the body wall and also to the entire alimentary canal. The fluid 
from these parts is collected by the branches of the latcro-dorsals and 
carried to the lateral canals. The stomach and the intestine are drained 
by two latcro-intcstinals and a ventral intestinal, all these pour their 
contents in the dorsal commissure of the laterals. The ventral cana 
distributes the fluid to the ventral, the vcntro-latcral, lateral and mediae 
dorsal regions of the bodv wall and parts of ncphridia. From all these 
parts the fluid is collected by the latcro-dorsal and latcro-latcrai 
branches of the lateral canals. The lateral canals on their turn supply 
the ncphridia, the genital organs, the gut and the ventral bo y'' 
through the latcro-vcntrals. The fluid from these parts is returned 
to the lateral canal by the latcro-latcrai and the latcro-dorsal branches. 
Thus, the lateral canals arc at once distributing as well as a collecting 
canals. 

Respiratory System. Like the earthworm the \ccchcs 
also devoid of special respiratory organs The skini jhich 
rich supply of the hacmococlomic fluid acts as th ^ 

surface for the exchange of gases. The epidermis 
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permeable membrane through which the oxygen dissolved in 
water passes in and the carbon 
-dioxide from the hacmocoelo- 
mic fluid diffuses out. For 
this purpose the skin is always 
kept moist and a copious secre¬ 
tion of mucous prevents it from 
drying. Some leeches such as 
Brancbellion possess lateral out¬ 
growths of the body wall that 
act as respiratory surfaces. They 
are, thus, known as gills. 

Excretory System. The 
'excretory organs of the leech 
comprise seventeen pairs cf 
segmentallv arranged nephr- 
dia lying in segments sixth to 
twenty-second. Of these the 
first six pairs arc located in the 
prc-tcsticular segments hence Fig- * 24 . Union of longiiudintl haemo- 
called the pre-tcsticular nep- coelomjc channel* 1, donal haemocoelomic- 
i -j- „r, r channel; 2 . ventral nerve cord; 3 , ventral nae* 

dia, and the remaining mocoelomic channel ; 5 . leiminaI ganglionic 
■eleven. pairs arc the testicular- ma« ; 6, capillaries of the channels; 7 , posic* 
nephridia as thev lie in the sec- T '° r *ucker. Horuomtl lir.es indicctc body 
Aments containing testis sacs with K * men “ xxll ” xxvi beginning above. 

■which they arc intimately associated. 

A typical testicular nephridium (Fig. 525 A) is a horse¬ 
shoe-shaped structure of which one arm is prolonged into the testis- 
•sac and the other enters the terminal vesicle of the nephridium. The 
horse-shoe proper is known as the main lobe that occupies the latcro- 
ventral position. It consists of two unequal limbs, an anterior (the longer 
of the two) and a posterior. From the ventral end of the anterior limb 
arises a narrow duct, the vesicle duct, passes backwards alongside the 
spacious terminal vesicle into which it ultimately opens. The 
vesicle is a very large oval sac lying behind the rest of the nephri- 
? lum a ? d closely applied against the ventrolateral surface of the 
ody wall, and opens to the exterior through a rounded aperture, the 
nephridiopore. The posterior limb passes backwards and forms a 
s out lobe the apical lobe, lying in an antero-posterior position beneath 
8Ut ‘ tl CS - S t l lC ? e » thcrc arc two othcr lobes, the inner and initial 
8 ', u hC ll ! n t r °k e l‘ cs aiong in the inner concavity of the 
rain lobe a n d also nuts forward along the outer border of the apical 

extremlfr 1 f n | th ' Jt i oins 'he main lobe at its posterior 

" '7 ' The > nltlal b extremely long and slender, is closely 
twined around the apical lobe. It joins the main lobe at its poste- 

A * ltS an,etiot extremity it runs as a slender cord 
o' cells towards the tesus-sac, where it ends abruptly by the side of the 
- 2(5 
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,, entire tesiicultf ncphridium of leech; B. vcnl.alwal-OM 
i, inner side io show ilic sphincters surrounding ncphrioiopor 

Dstomial ampullae which lodge the ciliated organ- 
iliated organ is a compound structure corresponding to 
ephridiostomc of a typical annelid ncphridium and each 
central reservoir, a perforated chamber, appearing more 
with an outer wall formed of a single layer of cells a net a 
f connective tissue cells, the seat ot manufacture o t c 


ephridium; B, a separ 
wall of the reservoir. 
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Fig. 327. Nervous s> item. The brain and nerves of the anterior end of the 
leech. T, proitomiucn ; 2, pro>tomial glands; 3, and 3* e> es ; 4. optic nervei ; 5, 
brain ; 6, sub-pharyngeal ganglionic mass; 7, first pair of ganglia of the ventral 
nerve cord ; 8, ventral nerve cord ; 9, ventral haemocoelomic channel. 

or ‘neck’ is narrow and fits into a pore of the reservoir. In the adult 
Hirudinatia the ciliated organ has no connection whatever with the body 
of the nephridium although there is a distinct connection between the 
two in the embryo. It loses excretory function in the adult and is only 
associated with the haemocoelomic system, for which it manufactures 
coclomic corpuscles and drives them irtto the haemocoelomic stream. 
It lies a little towards the inner side of the testis-sac and not on it. 

The prc-tcsticular nephridia arc first six pairs lying, in the pre-testi- 
cular segments. In these segments there are no testis-sacs, hence haemo- 
coclomic ampullae and ciliated organs are absent. The initial lobes end 
loosely m the general connective tissue on cither side of the ventral nerve 
cord. 

I he ciliated organ, as mentioned above, is not connected with the 
nephridium proper in the adult, and has become completely subservient to 
the haemocoelomic system. The nephridium proper, on the other 
hand, is truly excretory in function. It serves to eliminate excess of water 
and nitrogenous waste with which the terminal vesicles are invariably 
found filled. Some workers have credited botryoidal tissue also with 
exrctory functnn. J 


S TK tenl ' T u C 1'" 0U V yS,em satisfies the usual patter 
Annelida. The cerebral ganglia and the ventral nerve cor, 
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are enclosed within the ventral haemocoelomic canal. The nervous sys¬ 
tem is divisible into three parts : (/) the central nervous system, 
(//) the peripheral nervous system, and (///) the sympathetic nervous 
system 

The central nervous system consists of a pair of cerebral ganglia 
situated in the fifth segment lying on the root* of the anterior part of the 
pharynx immediately behind the median dorsal jaw and connected to a 
ganglionated ventral nerve cord by a pair of peripharyngeal connectives. 
Both the cerebral ganglia are closely connected forming, more or less, a 
compact mass. They supply nerve bianches to various structures 
of the anterior region. The peri-pharyngeal connectives closely surround 
the anterior end of the pharynx forming a sort of collar around it. Ven- 
trally the peripharyngeal connectives unite to form the sub-pharyngeal 
ganglionic mass which lies below the pharynx exactly opposite to the 
cerebral ganglia (Fig. 327). It is a composite structure of more or less 
triangular shape, apex of the triangle pointing backwards formed by the 
fusion of four pairs of ganglia. From its apex arises the ventral nerve 
cord and runs along the mid-ventral line. It is a chain of closeiy apposed 
nerve cords segmcntally swollen because of the fusion of ganglia. There 
arc twenty-one such ganglia, each lying within the first annulus of 
its own segment. The nerve cord terminates in a large ovoid terminal 
ganglionic mass formed by the fusion of seven pairs of ganglia belong¬ 
ing to segments that form the posterior sucker. 

The peripheral nervous system consists of several pairs of nerves 
which arise from the central nervous system and innervate the different 

J >arts of the body. Each paired ganglion gives rise to two pairs of nerves, 
a ) the anterior laterals which are stout nerves arising from the anterior 
part of the ganglion, and (/») the posterior lateral arising just posterior to 
the anterior lateral. From the anterior end of each cerebral ganglion 
arises a nerve that supplies the eye of the first pair of its own side and also 
sends a branch to the prostomium and the roof of the buccal chamber. 
The second, third, fourth and fifth pair of eyes arc supplied by four pairs 
of stout nerves arising from the subpharyngeal ganglionic mass. From 
these ganglia arise several other nerves that supply the roof of the buccal 
cavity, the muscles of the body wall and also the segmental receptors of 
the anterior five segments. The posterior sucker and segmental receptors 
of that area arc supplied by nervesarising from the terminal ganglionic 
mass. 

The sympathetic nervous system consists of an extensive nerve plexus 
lying between muscle-layers of the body, beneath the epidermis, and one 
on the wall of the alimentary canal. It is connected with cell-follicles on 
both sides of the nerve collar and with irregularly distributed multipolar 
ganglionic cells over the entire alimentary nerve plexus. 

Sense Organs. The sense organs of the leech include four 
types of receptors : the free nerve endings, the annular receptors, the 
segmental receptors, and the eyes. The free nerve endings arc found 
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all over the body between the epidermal cells. The ganglion cells of these 
nerve endings lie beneath the epidermis. The annular receptors are 
thirty-six, eighteen on the dorsal and eighteen on the ventral surface. 
Each receptor is formed of a group of flattened overlappmg cells and pro¬ 
jects out of the integument. They are known as annular receptors as 
they arc arranged in a line 
across the middle of each annu¬ 
lus. They are tractile in nature. 

The segmental receptors are 
small whitish areas elevated on 
elliptical papillae. They are 
segmentally located and occur 
on the first annulus of each 
segment. Each segment of the 
body bears four pairs of three 
receptors dorsally and three 
ventrally. These arc named 
median, inner, lateral, outer 
lateral and marginals according 
to their position on cither side 
of the mid-dorsal line, dor- 
sally, and median, lateral, 
and marginal on either side 
of the midventral line. The 
ventral medians are more wide¬ 
ly separated from each other 


PIGMENT 



OPTIC NERVE 


Fig. 328 . Vertical section of the eye. 


iy bcpaiaicu uum wui - --- ... ..... 

than the dorsal medians. Each receptor consists of two types of cells 
ordinary tactile cells or tangoreccptors and the light sensitive cells 
photoreceptors. The tactile cells are tall, slender cells separated from 
one another by clear spaces and provided with hairlike processes at 
their free ends. The light-perceiving cells show a crescentic hyaline 
substance, the optic organelle in their cytoplasm. The segmental 
receptors function as tactile as well as light perceiving organs. 


The eyes arc ten in number arranged forming a semicircle of black 
spots on the dorsal surface of the anterior sucker. Each eye (Fig. 528) 
is cylindrical in shape consisting of a number of large, clear refrac¬ 
tive cells, the photoreceptor cells, arranged in longitudinal rows. Each 
of these cells contains a crescentic hyaline substance, the optic 
organelle (lens), surrounded by a very thin peripheral layer of cyto¬ 
plasm containing a small round nucleus. The outer surface of the eye 
is covered by a convex and transparent epidermal cap, whereas all 
the other cells are surrounded by a thick pigment cup. At its 
deep basil end enters the optic nerve the branches of which run 
into each photoreceptor cells. All the eyes are not of equal size, the 
second and third pairs being larger than remaining pairs. As each 
eye can receive light only from one direction the eyes are differently 
directed. Some face forward (1st pair), some forward and outward 
(and pair), some face upward (3rd pair), some backward and outward 
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Fig. 329. Reproductive organs of the leech (after Bhatia). 


(4th pair), while the last pair faces entirely backward. It is not 
clearly understood whether the eyes form any imagd or enable animal 
to locate the direction of the source of light. ^ 

Reproductive System. F.ach individual possesses both male 
and female generative organs (/>. is hermaphrodite), but self- 
impregnation is not possible. In the male the testis-sacs arc eleven 
(sometimes 12 or 15) pairs of rounded sac-like structures, a^ pair 
lying in each of the segments from XII to XXII (sometimes XXIII 
and XXIV). Each pair lies in the middle of the segment one on 
each side of the ventral nerve cord. The spermatogonia arc produced 
by the wall of the sac and released in the coclomic fluid, contained in 
the sac itself, where they develop into spermatozoa. From the pos¬ 
terior border of each sac arises a short sinuous duct, the vas efferens, 
runs outward and meets the vas deferens of its side. The vasa deferentia 
arc a pair of slender longitudinal ducts lying on cither side of the ventral 
nerve cord between segments XI and XXII (and sometimes XXIII an 
XIV). The vasa deferentia arc enclosed within reduced coclomic spaces 
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which are packed with ameoboid cells similar to those seen in the hac- 
mocoelomic fluid. The coelomic space can be seen only if good histolo¬ 
gical slides are examined. After emerging from the coelomic covering in 
the eleventh segment the vasa deferentia run forward up to the posterior 
end of the tenth segment, and here they bend inwards, each forming a 
closely compact convoluted mass, the epididymis or sperm-ve 9 icle. 
From the inner and anterior end of each epididymis arises a short and 
narrow tube, the ejaculatory duct which runs into the atrium, a pyri¬ 
form sac-like structure extending into the ninth and tenth segments. The 
atrium consists of two parts: (a ) the anterior base-like prostate consisting 
of a large number of unicellular glands covering thick muscular wall, 
and ( b) a backwardly directed narrow and elongated chamber the 
penis-sac, containing a filamentous coiled evcrsible tube, the penis,often 
seen protruding through the male genital aperture (Fig. 5*9). 

In the female the ovaries arc not visible from outside because they are 
contained within a pair of coelomic sacs, the ovisacs, situated in the 
eleventh segment. Each ovary is a delicate filamentous cord formed of 
nucleated protoplasm with club-shaped terminations. The filamentous 
structure is coiled and remains floating in the coelomic fluid within the 
ovisacs. From the base of each ovisac arises a short and slender tube, 
the oviduct. The right oviduct passes beneath the nerve cord and meets 
the left one in the eleventh segment forming a common oviduct. Their 
place of union is covered by a thick layer of unicellular albumen glands. 
Each gland is filled with secretory materials towards its base and con-, 
tains a small nucleus on one side. The ductules of the glands arc narrow 
and open into the lumen of the common oviduct. The posterior part 
of the common oviduct, not covered by the albumen glands, becomes 
folded and opens into the vagina, large pear-shaped muscular bag lying 
in the posterior part of the eleventh segment. During breeding season * 
it becomes larger and folds inwards. The vagina narrows to a duct that 
terminates at the female generative aperture (Fig. 329.) 

Fertilization. The spermatozoa released within the testis-sacs are 
stored within the epididymis. Thence they pass into the posterior cham¬ 
ber, where they are glued together by the prostatic secretion to form 
packets of sperms, the spermatophores, that are transferred into the 
vagina of the female through the penis during copulation, for which 
two leeches become apposed to each other in a head to tail position in 
such a way that the male generative pore of the one comes to lie against 
the female pore of the other. The penis of one enters the female pore 
of the other and the spermatozoa are exchanged. They arc received in 
a receptacle formed by the vagina for the purpose and fertilization of the 
ova occurs there. The fertilized ova are discharged into a cocoon, within 
which the development takes place. 

Cocoon Formation. The cocoons are formed in April, May and 
June. A several layered snow-white frothy girdle (Fig. 330) appears 
around the clitellum secreted by the gland cells of the region. In 
about an hour’s time the girdle is completed. Thereafter the fertilized 
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ova emerge out of the female pore and the leech withdraws its 
anterior end by rhythmic movements. As it withdraws the secretion 
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of the prostomial glands 
torms the plug ; first 
the anterior plug is 
formed and then the 
posterior one. The 
process of cocoon for¬ 
mation is quite slow 
extending over a period 
of about six hours. 
On exposure to air 
the cocoon hardens. 

It is yellow or amber- 
coloured, chitinous, bar¬ 
rel-shaped structure 
about 25 to 33 mm. in 
length, and 12 to 15 
mm. in diameter having 
a di.cinct conical pro¬ 
jection, the polar plug, 
at ea;h side, ft is filled 
with dark jelly-like 
albumin, hence appears 
swollen. The cocoon 
contains 1—24 embryos. 
For hitching the polar 
plug; drop off and 
young leeches emerge 
out. The whole process Jy 
takes about a fortnight. 

The number of eggs 
in a cocoon varies, but 
is never large. The 
eggs of Gnathobdellidac 
arc small and the young 
O are hatched early and 
float as larvae in the 
albumen upon which 
they feed. In / liriulin.iria 
the eggs arc larger ami 
hatch at a later stage. 
Cleftsinr presents a dif¬ 
ferent case. Its cocooi.„ 
are attached to stones, 
over these it broods 
till the young hatch. 

The young then attach 
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Fig. 3J0. Cocoon formation (after Bhatia). A. 
Irothy girdle appears around the clitellum and forms 
completely in b; C. and D. the leech withdraws ; £* 
longitudinal section of the cocoon. 
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themselves to the ventral side of the mother, and are carried about by 
her, living on albumen secreted by her. 

CLASSIFICATION 

Class Hirudinea. Mostly ectoparasitic Annelida with highly modi¬ 
fied body. Fixed number of segments, broken up into annuli; without 
parapodia or setae. Several segments fused to form suckers at the 
anterior and posterior ends of the body. Body cavity packed by the 
growth of the mesenchymatous tissue, coelom being reduced to longi¬ 
tudinal tubular spices (sinuses). Hermaphrodite, eggs are laid in 
cocoons. The Hirudinea are closely related to the Oligochacta, so- 
much so, that Michaelsen considers that the two may be grouped 
together under class Clitellata. Here the classification of the Hirudinea 
follows that of Harding and Moore as given in the Fauna of British India.. 
The class is divided into three orders. 

Order Acanthobdcllida. The Hirudinea in which the body is 
divided into thirty segments. The anterior sucker is lacking, the 
posterior sucker is composed of four segments and is well developed. The 
members of this order arc the only Hirudinea that possess setae. There 
arc two double rows of setae in the first five segments. The setae are 
embedded in sacs provided with retractor muscles. The coclomic body 
cavity is a continuous perivisceral space, interrupted by segmental septa. 
Ncphridia open on the surface between the segments. Vascular sys- 
¥ tern consists of a dorsal and ventral vessel. Nervous system has twenty 
ventral ganglia of which the first and last arc composite. The repro¬ 
ductive system is constituted by a pair of tubular ovaries and testes (really 
seminal vesicles) running through several segments. The testes are 
filled with developing spermatozoa and their epithelial wall is continuous 
with that of the perivisceral coelom. The specialized hirudinean charac¬ 
ters arc only partly developed in this order which, therefore, forms a link 
between the Oligochacta and Hirudinea. It includes a single genus Acan- 
I lob della which is parasitic on the fins of the Siberian salmon. No repre¬ 
sentative of this orders has been reported from India. 

Order Rhynchobdellida. Marine and fresh-water Hirudinea the 
members of which group are jawless. The blood is colourless 
and the proboscis is protrusible. Mouth is a small median aperture 
situated within the anterior sucker. Each typical body segment 
consists of 5, 6 or 12 rings. The six-ringed forms are all marine- 
cxcept Haemen/aria. Some leechs of this group (family Ichthvobdcl- 
lidae) are parasitic upon marine, brackish water or fresh-water fishes.. 
Four Indian genera are known. Ponlobdella > a marine leech chiefly 
parasitic on sharks, rays and skates ; Piscico/a. a fresh and brackish water 
leech found on the sting ray (Jry&n), 0 %pbranclus y a marine and fresh- 
water form affecting turtles and tortoises; and Prerobdella , a brackish water- 
leech affecting sting rays. Pranebellion is another well-known genus of* 
the order, though not reported from India (Fig. 331). It is a marine form 
* having paired lateral (external) branchiae. Glossipbonia parasitic on freshi 
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Fig. 331. Rh>r.c'iobdellid leeche*. A, Pontobdella ; B, Gloniphonia, and C, 
iBt one hellion. 1, anterior sucker at the tip of protrusiblc proboscis ; 2, gill*. 

water nvjs ;cls an J snails; / lelobdel/a on gastropods, Phcobdella on tortoises, 

• turtles, fishes and frogs, Tberomy^on on wild duck arc other Indian 
genera of parasitic leeches of this group (family Glossiphonidac.) The 

• characteristic of these are that the eggs, enclosed in membranous sacs, 
arc fixed to the parents and young when hatched attach themselves to 
the ventral surface of the parent. 

Order Arhynchobdellida. The Hirudinca with jaws hence also 
known as Gnathobdcllida. These include the fresh-water and terrestrial 
forms with red blood, without a protrusiblc proboscis but with jaws, 
one median dorsal and a paired ventro-latcral. This order includes all 
the large leeches which arc fully adapted to a blood-sucking habit. Hirudo 
is the most known having well-developed jaws with numerous cuticular 
•teeth. It is chiefly sanguivorous and attacks men and buffaloes and also 
other domestic and wild animals. blirudinnria % described above as a 
type , is also a genus belonging to this order (fam. Hirudidae.) Some 
•members of this order (fam. Erpobdcllidac) have vestigial jaws with 
teeth or the teeth represented only by retractile stylet. Pharynx elongat¬ 
ed. Notable genera being F.rt>obde//a feeding on small oligochactes, 

• planarians, insect-larvae, etc., / IrrpolM/a, feeding on insect-larvae, etc. 
An amphibious burrowing leech, Foratuinobdilh , also belongs here. 

CLASS ARCHIANNF.L 1 DA 

Definition. Small marine Annelida with simplified structure. The 
external segmentation is lost and parapodia and setae are usually lost. 
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Fig. 332. Poljgordiut. A—K. various stages in the development of Polygordius ; 
L tail end of the same ; M, adult; N. anterior end ventral view ; and O, anterior 
end side view (after Fraipont). A, ovum with large nucleus ; B, two cell stage ; C, 
fourcell stage ; D, blastula ; E. gastrula ; F, blastopore closes; G,-formation of 
stomodaeum and proctodaeum ; H, complete gut; I, elongation of larva begins; J, 

r sterior segments are added ; K, adult form attained. 1, archenteron ; 2. mouth ; 

anus ; 4, apical plate ; 5, ciliary girdle ; 6, nephridium ; 7, papillae ; 8, prosto- 
mium ; 9, ciliated pit j 10, metameres. 

Several members of the group such as Saccocirrus retain setae. Skin is 
ciliated. 

General Characters. This is a minor group of worms some 
features of which resemble larval Polychaeta, they may thus be cither 
primitive or degenerate. They are elongated and thread-like (Poly- 
gordiuSy Profodrilus) and are entirely without setae or parapodia. The 
head has two tentacles and two ciliated pits. Externally the segmen¬ 
tation is slightly mirked by cither faint grooves ( Polygordius) or by ciliated 
rings ( Profodrilus .) Internally it Is marked by coelomic septa. A 
peculiar feature is the absence of circular muscles from the body wall. The 
cerebral g inglia is in the preoral lobe and the ventral cords, devoid of 
ganglionic swellings, lie in the epidermis. The cords may be separate 
(Profodrilus) or fused ( Polygordius ). In some the buccal region is also 
cversible ( Polygordius ) and is followed by a small oesophagus. There is a 
simple nephridia in each segment opening internally in the preceding 
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segment. Supporting the gut in the body cavity there is a dorsal and ven¬ 
tral mesentery. The vascular system consists of a dorsal vessel in the 
dorsal mesentery and a ventral vessel in the ventral mesentery. These are 
connected by connecting vessels. The blood is red, yellow or green or 
colourless. The reproductive organs develop from the coelomic epi¬ 
thelium and discharge their products in the body cavity. In Po/yfordins 
(Fig. 532) the ova probably escape by the rupture of the body wall and the 
spermatozoa through the nephridia. In Protodrihts the eggs pass back¬ 
wards through the meshes of the body cavity reticulum to a pore on the 
ventral side of the last segment from where they arc discharged. Proto¬ 
drilus is hermaphroditic. The larva is a typical trochophore on which 
somites arc produced posteriorly during metamorphosis. The cilia of 
the larval form arc retained by the adult. These are regarded41s simplified 
annelids not primitive. 

Sacco.irrns is another genus of this c lass in which the segments are 

numerous, and each of 
them, except the first carries 
two dorsolateral bundles of 
simple setae. There are no 
parapodia but the lower 
parts of the bundles of setae 
2rc enveloped in a cutaneous 
sheath, which can be pro¬ 
truded or retracted into the 
body. The hind end of 
the body is provided with 
two characteristically marked 
appendages on cither side of 
the anus, by which the anirml fixes to the stones on which it creeps. The 
circular muscles arc less developed than the longitudinal. The sexes 
are separate and the gonads are found in all segments behind the four¬ 
teenth. There are paired patches of coelomic epithelium on the posterior 
faces of the septa which produce and discharge the germ cells in the body 
cavity where they mature. The genital apparatus is complicated, the 
femaies are piovided with spcrmathccac and males with a pair of penes in 
each segment behind the oesophagus. 

Dinopbiht'y another well-known form, is a amill marine worm of 
about 2 mm. length in which the body is made up of five segments, each 
encircled by two bands of cilia, that serve for locomotion. No setae arc 
present. 

CLASS ECHIl ROIDEA 

Definition. The Annelida which show little or no traces of seg¬ 
mentation in the adult, the body cavity (coelomic cavity) is spacious, 
with a well-marked preoral lobe and a single pair of ventral setae. 

General Characters. The Echiuroidca were formerly united with 
Sipunculoidea in the class Gcphyrea. They have now been separated as 



Fig. 333. Saecodmis. 1, tentacle; 2.exe: 
3, ampulla ; 4, pharvnx ; 5. bundle of 

chaeiae. (After Goodrich from Borradaile, 
Potts and others). 
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Kf; 334. Eehiurut, cmirc. I, proboscis ; 2, anterior setae ; 3 posterior setae* 
B, BontUia (after Spengln). Small ciliated male, and the other one U female. 

distinct classes of Annelida though some workers prefer to give them in¬ 
dependent phylum status with affinities to the Annelida. The cchiuroids 
comprise about sixty species of peculiar worms of gray, reddish, or yel¬ 
lowish colour that inhabit the mud and sand between rocks under shallow 
coastal waters of all warm and temperate seas. The largest known species, 
Uree/jis caupo of California grows to 450 mm. long, but others arc smaller, 
down to 25 mm or less. They live in wide V-shaped burrows dug out 
by themselves. The body is more or less cylindrical which is anteriorly 
drawn out into a long, highly contractile pre-oral proboscis, with a ciliat¬ 
ed groove on its ventral surface leading to the mouth. There are almost 
always two-hooked setae on the ventral surface close to the anterior end. 
In Exhiurus there is an additional double row of setae, the anal setae round 
the hind end. Openings of the anterior nephridia are situated a short 
distance behind the hooked setae. These vary from 4 pairs to a single 
one in number. The skin is covered by numerous small papillae arranged 
in rings. The body wall is highly muscular. The anus is posterior and ter- 
T hc is complete beginning at the mouth. The 

pharynx is muscular, intestine long and much coiled, rectum with two 

and 8 J, I ? and ! ermlnal an “f ■ The circulator y system comprises dorsal 
and ventnd vessels connetted anteriorly, but lateral vessels are absent, 
coelom is large, undivided but Ktt -__ 
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segment. Supporting the gut in the body cavity there is a dorsal and ven¬ 
tral mesentery. The vascular system consists of a dorsal vessel in the 
dorsal mesentery and a ventral vessel in the ventral mesentery. These are 
connected by connecting vessels. The blood is red, yellow or green or 
colourless. The reproductive organs develop from the coclomic epi¬ 
thelium and discharge their products in the body cavity. In Po/ygordins 
(Fig. 352 ) the ova probably escape by the rupture of the body wall and the 
spermatozoa through the nephridia. In Protodri/ns the eggs pass back¬ 
wards through the meshes of the body cavity reticulum to a pore on the 
ventral side of the last segment from where they arc discharged. Pro/o- 
drilus is hermaphroditic. The larva is a typical trochophore on which 
somites are produced posteriorly during metamorphosis. The cilia of 
the larval form arc retained by the adult. These are regardedsimplified 
annelids not primitive. 



Sacco,irrus is another genus of this c lass in which the segments are 

numerous, and each ot 
L, ^ , a 5\ them, except the first carries 

two dorsolateral bundles of 
simple .'Ctae. There arc no 
parapodia but the lower 
parts of the bundles of setae 
arc enveloped in a cutaneous 
sheath, which can be pro¬ 
truded or retracted into the 

Fig. 533. Smm i™. 1. >«,«.. ; 2. e,e ; b " d > - . Thc ““ d . * nd 
3. ampulla ; 4. pharvnx ; 5. l.umlle of 'he l>°dy IS provided With 

chaetae. (After Goodrich from Borradaile, two characteristically marked 

Potts and others). appendages on either side of 

thc anus, by which the animtl fixes to the stones on which it creeps. The 
circular muscles arc less developed than the longitudinal. The sexes 
are separate and thc gonads are found in all segments behind the four¬ 
teenth. There arc paired patches of coclomic epithelium on thc posterior 
faces of the septa which produce and discharge thc germ cells in thc body 
cavitv where they mature. The genital apparatus is complicated, the 
femaies are piovidcd with spermathccac and males with a pair ol penes in 
each segment behind the oesophagus. 

Dinopbilu* , another well-known form, is a amill marine worm of 
about 2 mm. length in which the body is made up of five segments, each 
encircled by two bands of cilia, that serve for locomotion. No setae arc 
present. 

CLASS ECIIIIROIDFA 


Definition. The Annelida which show little or no traces ot seg¬ 
mentation in the adult, the body cavity (coclomic cavity) is spacious, 
with a well-marked prcoral lobe and a single pair of ventral setae. 

General Characters. Thc Hchiuroidea were formerly united with 
Sipunculoidca in thc class Gephyrea. They have now been separated as 
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Fig. 334. Echiurus, entire. 1, proboscis ; 2, anterior setae ; 3 posterior setae' 
B, Bontllia (after Spengler). Small ciliated male, and the other one is female. 


distinct classes of Annelida though some workers prefer to give them in¬ 
dependent phylum status with affinities to the Annelida. The cchiuroids 
comprise about sixty species of peculiar worms of gray, reddish, or yel¬ 
lowish colour that inhabit the mud and sand between rocks under shallow 
coastal waters of all warm and temperate seas. The largest known species, 
Urecbis caupo of California grows to 450 mm. long, but others are smaller, 
down to 25 mm or less. They live in wide V-shaped burrows dug out 
by themselves. The body is more or less cylindrical which is anteriorly 
drawn out into a long, highly contractile pre-oral proboscis, with a ciliat¬ 
ed groove on its ventral surface leading to the mouth. There arc almost 
always two-hooked setae on the ventral surface close to the anterior end. 
u l ^ crc * s an additional double row of setae, the anal setae round 

the hmd end. Openings of the anterior nephridia are situated a short 
distance behind the hooked setae. These vary from 4 pairs to a single 
one in number. The skin is covered by numerous small papillae arranged 
in rings. The body wall is highly muscular. The anus is posterior and ter- 
minal. The digestive tract is complete beginning at the mouth. The 
pharynx is muscular, intestine long and much coded, rectum with two 

ind 8 XT ? and ! Cnmnal aQU f* The circu ^ ator y system comprises dorsal 
and ventra vessels connected anteriorly, but lateral vessels are absent. 

coelom is large, undivided but crossed by muscle strands that support 
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the alimentary tract. Nephridia aic one to three pairs anteriorly or one 
large, all serve as gonoducts. The nervous system consists of a ventral 

nerve cord lying entirely within the body wall. 

In front this cord divides into two, which 
pass round the oesophagus and extend upto the 
anterior end of the proboscis, where they join 
one another. There are no ganglionic swellings. 
There are no special sense organs. The sexes 
are separate, dimorphic forms occur in some 
XBone/lia ,) and the gonad is single median and 
/ posterior. The larva is trochophore. 

/ Echinrus (Fig. } 34 ) is the most known form 

found almost everywhere. It lives in burrows 
and feeds by extending the mucous-covered 
proboscis above the mud and trapping plankton 
and debris. If disturbed the proboscis is cast 
off and then regenerated. Urccbit (attpo lives 
permanently in a tunnel dug by its setae and 
flushed with water expelled from the rectum. 

Fig. 335. Sip’intulus, This worm has a peculiar feeding mechanism, 
entire. I, tentacles; 2, Behind the setae there is a band of epidermal 
introvert; 3, body. cells that secrete a mucous cylinder (with 
pores only 0.004 A 4 in size) attaching to the burrow and the fore part 
of the body. Then movements of the body wall draw water through the 
burrow. As the water passes through the mucous net micro-organisms ^ 
arc sieved and later the mucous cylinder with the entangled micro-orga¬ 
nisms is swallowed. Another genus, Bnn'lli'i, is known for sexual dimor¬ 
phism. They live in deserted burrows on the sea bottom. The female 
has a small green ovoid body and a long proboscis, bifurcated at the end, 
capable of enormous elongation and is extremely mobile. A single seg¬ 
mental organ (brown tube) acts as uterus. The males arc reduced to small 
ciliated organisms (Fig. 554 ) i hke a turbcllarian, and is without pro¬ 
boscis, mouth or anus. Very early in life the male enters the female s 
gut and finally occupies the segmental organ as a ‘parasite.” Larvae 
of boiiclliu carry the potentialities of both sexes. It they develop in¬ 
dependently they become females. If they come in contact with the body 
of the adult female they develop into males (probably through the action 
of some specific secretion). 

CLASS SIPUNCULOIDI-A 



Definition. Unscgmentcd Annelida with a spacious coelom, an¬ 
terior dorsal anus and one pair of nephridia. The anterior part o 
the body is imaginable. 

General Chararacters. The Sipunculoidca arc elongated worms 
of yellowish or grayish colour living in sand or mud at the seashore 
or sheltering in empty shells about rocks. They also bore in cora 
rocks. The anterior part of the body is such that can be retracted within 
the body, such a part is called the introvert. 1 he mouth is placed a 
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the anterior end of the introvert and is in relation with a row of 
ciliated hollow tentacles which may 

he arranged in a circle. Preoral lobe f 

is lacking. The anus is situated on ^^ 

the dorsal surface about one-third ML. Vw 

of the length of the body from the 8 ~ / B ffj -——— 

anterior end. The body is devoid 

of setae, but the introvert is often * a ft fey — .. 

covered by rows of backwardly 9 __ ‘T 

directed horny hooks or by small ] VFi ~~ 

scale-like papillae which overlap K \ , 

one another. There is no trace of 4 1 f \]Ky [ 

segmentation, but the skin is often " i 

thrown into ridges both transverse WMl' 1 1 

and longitudinal. The body wall ffilSi&ill 1 

is highly muscular and consists of 8 j] 

the outermost roughened cuticle, i 

epidermis, dermis with glands and 7--[ffitfiK -dPfl ^ 

sense organs, and three layers of Bffr* ' 

muscles: a layer of circular muscles, MMSt ?Ml 

a thin layer of oblique muscles, and 

a thick layer of longitudinal muscles 10 --| 7 

which are often arranged in bun- 
dies forming latticc-likc pattern. 

On the interior there is a layer of j 

flat coelomic epithelium the cells of KS Bfo j Vlj!, 

which bear isolated cilia. The ali- 1 

mentary canal is a thin-walled tube \^Wi!l i 

beginning at the mouth, extending 
to the posterior end and spiralled 
back on itself, the anus is dorsal 

near the base of the introvert. w’C-Jw 

Coelom is spacious undivided but 

traversed by nnny strands of con- 'Ghto 

ncctive tissue and muscle attached ^ 

to the gut. It is filled with the F, 8- $ 36 . Sipuneulut, internal' 

coelomic fluid in which float sevc- ; *• *• 

■ c . T-i • oe-ophagus; 4 , retractor musclei : 5 

ral types ot corpuscles. The cm- digestive tract; 8. nerve cord ; 9 , nep’ 
culatory system consists ot dorsal nndiura ; 10, coelom, 
and ventral vessels with ring sinus below tentacles. The nephridia are 
2 or i, often called brown tubes, opening externally on the ventral sur- 
tace in the anterior region near anus. The nervous system consists of a- 
dorsal bilobcd ganglion near the tentacles. This is connected by two- 
connectives to a single ventral unsegmented nerve cord that runs through 

5 C J? d >‘ From l , hls at,s . c »*")• litc «l nerves. In the mid-dorsal line,, 
outside the tentacular circlet, there is a n ectodermal pit which reaches as 

and U li ,d k Pra: . OCSf T ha ,? Cal ^ lion - h ^»cd the cerebral organ, 
and is lined by ciliated cells. The sexes are separate but alike. No per- 


Fig. 336. Sipuneulut, internal' 
organs. 1, tentacles; 2, gang ion ; 3, 
ce ophagus • 4, letractor musclei ; b, 
digestive tract; 8. nerve cord ; 9, nep- 
niidiura ; 10, coelom. 
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manent gonads are formed. The gonads are formed by simple proli¬ 
ferations of the coelomic epithelium, at the paint of attachment of the 
retractor muscle to the body wall. The germ cells are released in the 
body cavity where they mature. Fertilization is external, the germ cells 
escape through the nephridia. The larva is usually similar to a trocho- 
phorc without any trace of somites. 

Sipuncn/us (Fig. 535) is a common genus of the class. Like all 
sipunculids it is also mirine and capable of but little movement. When 
feeding the tentacles arc extended on the sea bottom and the beating cilia 
entrap micro-organisms in mucous which is swallowed along with mud 
or sand. W hen disturbed, the introvert is drawn entirely into the an¬ 
terior part of the body. Other common genera include Dendroslo/na 
and Pbasco/otowa. Another genus Phascolion is found at the depth of 
a thousand fathoms from the W est Indies to the Arctic. It lives in a 
snail shell full of sand to form a tube which is carried by the worm wherc- 
■ever it moves. 

CLASS PRIAPULIDA 

Definition. The Priapulida are marine cylindrical worm-like crea¬ 
tures with an introvcrsible presoma, a superficially segmented trunk and 
a, more or less, straight digestive tube with terminal mouth and anus. 
The uri nogenital pores arc separate from the anus and excretion is brought 
about by solcnocytic protonephridia. 

General Characters. The Priapulida are yellow or brown creatures 
upto 8 cm. in length. They live in crevices of rocks or between sessile 
animals or in emptv mollusc shells, but can burrow to leave piles of 
castings on the bottom. The body (Fig. 337 A) is divisible into an an¬ 
terior shorter region, the presoma, a longer trunk and one or two warty 
appendages at the posterior end (in genus Priapuliis only). The presoma 
is somewhat plump and occupies about one-third ot the body length 
( Pr;<;pu/us) t it may be less in others {Balifry plus). The mouth is terminal 
and is surrounded by a number of strong spines (Fig. 337 b) numbering 
5—7 in Pritrpu/us. The spiny circum-oral region is ordinarily invaginated 
into the interior in which condition the spines point backward, but the 
region is everted when needed. In Priupnlm a prominent circular band 
or collar is found posterior to the spine-bearing area. The main part 
of the body is the proboscis, a somewhat bulbous region lying pos¬ 
terior to the collar. It is invaginablc but usually it remains exposed. 
The trunk has thirty to forty annuli in Priupnlus and is covered with small 
spines and papilla. The posterior end of the trunk has three openings, 
the anus and two urogenital pores and is provided with one caudal 
appendage in Pr. caudatus (Fig. 3 37 C) and two in Pr. bicaudatus (Fig. 337 
A). The caudal appendages arc hollow stems thickly beset with hollow 
oval vesicles and arc of unknown function. Some people called them 
respiratory structure but the same has been disproved (Lang, i 94 8 )- 

Body Wall. The body wall consists of outer cuticle followed 
by epidermis below which lies the musculature comprising circular and 
longitudinal muscle layers and finally there is the lining membrane. The 
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Fig. 337. Priapulida. A, Priapulut bucudotui ; B, anterior end with everted 
<ircumoral spiny area; C. rear end of P. ccudatus (after Theel, from Hyman). 1, pro¬ 
boscis ; 2 , papillary ridges ; 3. constriction between the presoroa and trunk ; 4 . trunk 
rings; 5, ventral nerve cord ; 6, urioogenital pores ; 7, caudal appendages ; 8, warts ; 
9, circumcral spines ; 10, collar. 

papillae, spines and warts of the body surface are either sensor)' or glan¬ 
dular structures. The papillae are conical structures the interior of which 
is packed with long, slender epidermal cells. 

Body Cavity. Between the body wall and the digestive tract 
exists a cavity the true nature of which has not yet been found out. It 
is lined by structureless membranes without nuclei. The space is filled 
with a fluid into which float numerous round cells. 

Alimentary Canal. The mouth opens into a muscular pharynx, 
lined by epidermis and a cuticle covered with spines, special retractor 
muscles connect the anterior end of the pharynx with the body wall and 
bring about the invagination of the proboscis. The pharynx opens into 
the midgut or intestine into which it invaginates. The midgut is a 
straight tube and is constricted from the short end-gut or rectum 
opens at the anus. They feed upon marine algae and bottom detritus. 
When hungry they plow the mud in all directions, apparently seeking 
food, otherwise they lie quiescent in a vertical position with a widely 
opened mouth on a level with the surface (Lang). 

Nervous System. The nervous system consists of a circumcn- 
tenc ring surrounding anterior end of the pharynx and a mid-ventral 
■cord lying in the epidermis. The whole system is strikingly similar to 
that of the kmorhynchs. 6 
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Reproductive System. The sexes arc separate. A pair of 
unnogemtal organs lie in the body cavity, one on either side of the in¬ 
testine. Each organ consists of a urogenital duct bearing the gonad on 
the side next to the mesentery and clusters of solenocytes on the other 
side. Each gonad is fairly compact made up of a network of numerous 
tubules. The excretory part of the urogenital system consists cf several 
large clusters ot solenocytes opening into the common duct by narrow 
collecting canals. 

Nothing is known about the embryology and development of pria- 
pulids. 

Affinities. Ever since its discovery by Linnaeus Priapulus has pre¬ 
sented difficulties to establish relationship of the worm with others as 
their characteristics indicate no immediate relationships to any living 
phyla. 'I he concept ot the phylum Gephyrea including the pripuloids, 
sipunculoids, and echiuroids gave a relief and the same is maintained up to 
now. Hyman (1951) has suggested the inclusion of the group with As- 
chclminthcs, but as nothing is known about the way of the formation 
of its body cavity the relationship cannot be held as valid, particularly 
because the body cavity in priapulids is lined by structureless membrane 
of doubtful nature. It seems, therefore, better to keep them with the an¬ 
nelids with which they have been associated in the past. Those who 
do not approve this relationship can very well erect a separate phylum for 
priapulids with affinities with sipunculids and echiuroids. 

REVIEW QUESTIONS 

1. Describe the structural adaptations of the Oligochaeta and Hirudinea. 

2. Discuss the mode of locomotion in the eaithworm and compare it with 
that of the leech. 

3. Give a comparative account of the digestive s>stem ot the earthworm and 
the leech. 

4. Diicuss the relationship between the coelom and vascular s>stcminthc 
Hirudinea. 

5. Give an accoui t of the circulatory system in Phtrtlimo. 

6. Describe the excretory organs of Pherelima. 

7. How is the cocoon formed in the earthworm and llirudinario ? 

8. Classify the Annelida, giving characters and examples of each groupw 
In what featu tes do the Hirudinea indicate affinities with the Oligochaeta l 
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Bryozoa. Amon; the coelomate animals the groups Bryozoa 
(ectoprocts only), Phoronid^a and BraMchiopoda have given constant 
difficulty. The term Bryozoa was introduced for these animals because 
of their moss-like appearance by Ehrenbcrg (1831). Another term 
Polyzoa was applied to these animals by J. B. Thompson (1830) but 
this was not so precisely defined and a long controversy arose concern¬ 
ing the two rival terms. The fact that the animals of this group 
possess a lopophore (sec below) sets them apart from other Eucoelo- 
mata. In many text-books these three groups arc united under the 
name Molluscoidea or Tcntaculata. Sometimes the Brachiopoda are 
separated as a phylum and only the ectoprocts and phoronids retained 
under the name Tentaculata. Here all the three have been raised to the 
status of independent phyla and placed along with the schizocoelous. 
Eucoelomata although the coelom of brachiopods arises by the entero- • 
coclous method. Further, the Bryozoa formerly included Entoprocta ; 
also as a class or sub-class, along with the Ectoprocta. But now it has : 
been definitely seen that the Entoprocta arc much lower in organisation 
than the Ectoprocta being pseudococlomate, naturally the Entoprocta 
has been separated as an independent phylum along with the pseudo- 
coelomate Bilateria. Therefore, it is preferred to use the name Ectoprocta 
for the phylum as almost all the known bryozoa, both fossil and recent, 
belong to this subdivision. 


Definition. The Ectoprocta are unsegmented coelomate animals, 
always sedentary and colonial with a circumoral ring, lopophore, of ciliated 
tentacles and U-shaped alimentary canal with the anus opening outside 
the lopophore, usually with a free-swimming ciliated larva. 

External Characters The Ectoprocta (Gr. ektos, without+/>rafe- 
tos t anus) are characterized by the position of the anus without (oufsidc) 
SUrround ; n S * e “outh (unlike the Entoprocta)' 

5 r T °T best k “°* n from the paper-like fronds, 
sa-mats . The coral-like appearance of some calcareous bryozoa gave 
origin to another popular term “Corallines” 1 • y 

like, and hang from blades™ ? h ™ b ; 

rocks ; others form Hat encrusting growths 1 f °, m CI |! V1C * S of 

The ordinary individuals in a coinr^Ectopr^afthelrst'Ins' 

triploblaslic animals. “ 
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different parts: (/) the zooecium or body wall and (//') the polypide con¬ 
sisting of the alimentary canal, the tentacles and tentacular sheath (Fig. 
339 ), into which the tentacles are withdrawn when contracted. The 
cuticle is thickened and forms a protective covering for the support of the 
colony and is often called the cuticula. 

The zooecia of Bugula avicularia are closely united together and arranged 

so that they appear to form steams of a 
dichotomously branched colony. They 
are approximately cylindrical in shape but 
relatively broader distally than proxirmlly. 
Each is four or five times longer than 
broad. The distal and bears a wide 
crescentic aperture the mouth of the zooc- 
cium. On either side of the mouth is a 
short spine. The anterior end of the 
body bears a circlet of usually fourteen 
long slender filiform tentacles. The ten¬ 
tacles are situated on a circular ridge or 
lopophore surrounding the mouth. Along 
with the lopophore a flexible part of the 
Fig. 338 . Ecroprocta. Two body wall is also invaginated and this is 

called the tentacular sheath. The lopo¬ 
phore is cither circular as in the above 

... case (Bufft/a) or is horse-shoe-shaped as in 

the Phylactolaemata, and the tentacles are set along its edges. 

The whole of the anterior part of the individual can be involuted 
like the finger of the glove, /.*., it is an introvert. In times of necessity 
the whole portion is withdrawn. The tentacles are visible when he 
introvert is everted. Special musculature is developed to control the 
movement of the introvert. The extrusion of the polypide depends 
not onlv on musculature but on another structure, the compensation 
sac found in some cctoprocts (Cheilostomata). Thus, in these, 
zooecium emerges only if an equal volume of water is tntroduced to 
compensate for the extrusion. The compensation sac or compensa 
trix is placed beneath the zooecium and communicates with the ape - 
turc. At the moment of extrusion of the polypide, the muscic 
attached to the compensation sac contract, thus, enlarging 
and operculum opens. Water then enters the sac and the polypide 

is extruded. 

The tentacles bear cilia profusely, only the outer surface is devoid of 
cilia. The cilia vibrate actively in such a way as to dr.ve current of 
water and with it food particles towards the mouth. The. tentacles 
are tactile and also act as organs of respiration. 

Polymorphism. Each individual bears a remarkable; »PP«^ 
the avicularium, supported on a very short stalk (fig.■ 339 )- 
1 ike a bird’s head and is not found tn zooecia at the extrem. 


polypides, one extended (B) and 
one withdrawn (A) (after Delage 
and Heouard). 1, retractor 
muscle : 2, gui : 3 anus. 
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The avicularium possesses a movable manaioie wmen »nwnu.u 5 u«, 
with the oper culum of an unmodified polyp, and is provided with power- 
ful muscles. The avicularia 

suddenly snap their jaws and 'MiO 

enclose small roving animals 

which touch them particularly Yitlf// 

the larvae of encrusting ani- . 

mals. Probably they are defen- ' ^ 

sive in function. In most 2 - JuLvmh YIiiIB/ 

primitive cases an avicularium VWlfi/ 

is found in the same position } —ff 

in the colony as an ordinary j t k rip /& J . _9 

zooccium and may even pos- ' [Wi /A1 jl // ._, 

scss a functional polypide. L\ m 

Such examples are provided y P\ £ t ij ffiTjj L*. 

by Ylustra and Cel!aria. Fur- 5 / fc. 1 3 -bj y ' 

ther evolution led to displace- 5 -1 —JfjI jM[ I 

ment of the avicularia so that 8 mjJ WJfft ^—1— Y ■ »- | 

they became appendages of S Hf * I B 

other zooecia situated near the U til 1$ u l&' U 

external orifice (Fig. 540)* V. El m \ J I 4 

Close examination of the 6 

living individual shows the *1 

avicularia to be in constant 7 J||l 

motion, turning from side to u j] V 

side, and the lower part moves 8 -*■-//v 

like the lower jaw of the bird ' • 

opening widely and “snap- K 

ping” food material. The whole , J9 . q^, , of „ 

avicularium is regarded as an ( , {ut Pltk „ , nd A. 5wdl) *“,' 

individual and thus, the colony mouth ; 2 , pharynx ; 3 , retractor muscles; 4 
is said to be polymorphic. avicularium ; 5 . ovary ; 6. funiculus; 7 , cm 
.. . .. br>« m ovicell; 8. ooecium (oviccll); 9 

1 he vibracula (Fig. 341 A) anus ; 10 , intestine ; 11 . aomach ; 12 . soer 


The ovicells are other structures found in some Cyclostomata They 
are zooecia with vestigeal polypides. They, therefore, represent another 
torm ot individual in the colony. 

Body Wall. The body wall consists of the outermost layer of 
cuticle Beneath the cuticle is the epidermis, composed of a single 
layer of large flattened cells firmly united together by their edges. Then 
there is a muscle layer consisting of two strata, one outer circular and an 
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Fig, 340. Transformation of a polypide ir.to avicularium. A normal indivi¬ 
dual ; B, and C, stages of transformation ; D. avicularium (alter Delage and Hcrou- 
ard). 1, muscle controlling the movement of operculum ; 2, nerve ganglion ; 3, 
retractor muscles developing into the e'a borate musculature of the avicularium. 

inner longitudinal. Finally, there is a layer of irregular cellular tissue or 
parenchyma. The peritoneal cells are ciliated in the Phylactolaemata. 

Body Cavity. The body cavity, a true coelom, is extensive 
and filled with a colourless fluid with colourless corpuscles floating in 
it. It is lined by definite coelomic epithelium which is ciliated in parts 
in some forms, and thin parenchymatous in others. In Bu/rula it is of the 
latter type. Internally it is lined by a visceral layer of the same tissue. 
Across the cavity pass numerous strands of spindle-shaped cells. Con¬ 
necting the aboral end of the alimentary canal with the corresponding wall 
of the zooccium is a large double strand, the funiculus. The coelom is 
not continuous, but is divided into two incomplete chambers by a trans¬ 
verse partition. The anterior chamber, that also continues within the 
tentacles, is known as the ring canal or the circular canal. Besides the 
funiculus in some cases there is another mesenteric band situated 
anteriorly near the mouth suspending the alimentary canal. 

Musculature. The cctoprocts possess an efficient contractile 
mechanism controlled by musculature. The most important feature is 
the parietal system of muscles. By their contraction the internal pressure 

is raised and the polypide is protruded. Of these the most important 

ones arc the special parieto-vaginal muscles passing from the intro¬ 
vert to the body wall. The retractor muscle which runs from the 
lopophorc to the opposite end of the zooccium has an opposite action. 
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Fig. 311. VitracuU of Scri-poetlLria (after Hincks). B, ph>lacto!aemata, sagit¬ 
tal section. 1, tentacular ctown j 2, C| istome ; 3, excretory pore; 4, excretory 
vesicle ; 5, aous; 6, intestine, (alter Delage and Herouard). 

* 4 

A pair of special muscles pass from the body wall to the stomach and acts 
as retractor of the alimentary canal. 

Digestive Organs. The digestive organs lie freely in the 
coelom supported by a mesodermal network (mentioned above). The 
mouth is situated at the centre of the circular (or horsc-shoe-shapcd) lopo- 
phore. In some fresh water forms, a moveable epiglottis-like process, 
the cpistome, is found on the dorsal side of the mouth. The alimentary 
canal is bent on itself and consists of an elongated ciliated oesophagus, 
often dilated at its upper end forming a muscular pharynx, which lies just 
behind the bases of the tentacles. From the pharynx a somewhat narrow 
tube leads to the stomach from which it is marked out by a constriction 
(P>g- 539 )- From lhc stomach arises a long conical outgrowth, the cae¬ 
cum directed towards the aboral end of the zooecium. The caecum is 
attached to the wall of the 2ooecium by the funiculus. A narrow intestine 
arises from the oral end of the stomach, quite close to the entrance of 
the oesophagus and runs upwards, almost parallel to the oesophagus. 
The intestine opens by the anus near the mouth outside tentacular crown. 

> The anus is capable of being distended to a considerable size. 

The side on which the anus is situated is the dorsal side. In the Phy- 
lactolaemata the epistome and the concavity of the horse-shoe lopophore, 
are dorsal. In the Ctenostomata there is an additional thick-walled chain- 
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pn^ l nH e i ZZard ’ ha 'i.' ng chitinous tee,h internally, between the oesopha- 
gus and the stomach. v 


c I he entlre ? 1 V nCnta ry canal is lined by ciliated epithelium, only a 
small portion ot the stomach is devoid of cilia. The cells are arranged in 
a singje layer and vary in length in different regions being the longest in 
the pharynx In some of the Cheilostomata it is stated that the cells of the 
oesophagus bear numerous striated muscle processes. 


Nervous System. The nervous system is represented by a small 
round ganglion situated between the mouth and the anus (placed on 
the oesophagus). It lies m the ring canal of lopophore and gives off 
small nerves to various parts of the body. In the Phylactolaemata the 
ganglion is placed in the concavity of the lopophore and is attached to 
the oesophagus by a delicate circum-ocsophageal ring and sends off nu- 
merous branches to the tentacles and oesophagus. According to Fr. 
Muller in Strialana there is a so-called colonial nervous system which 
connects the individual zooids of a colony and enables them to co-ordinate 
their activities. Uaparedc describes the same in other species. Special 
sense organs arc absent. No trace of vascular system exists. 


There is no definite excretory system. The function of collecting nitro¬ 
genous waste matters is assigned to the leucocytes or the corpuscles of 
the c xdomic fluid and to the cells of the funicular tissue. In Phylactolae¬ 
mata there exists a pair of nephridia for excretion. The two nephridia 
(Fig. 329) open into an excretory vesicle, which opens to the outside by a 
minute pore, a little distance above the anus. 


Brown Bodies. A remarkable phenomenon is the formation of 
the brown body, a normal process of periodical renewal of the indivi¬ 
duals. Such a process is a normal feature in most Bctoprocta. Ten¬ 
tacles, alimentary canal and nervous system, rather the whole polypide 
degenerates and forms a brown compact mass contained in the zooe- 
cium. A new polypide is formed from the persistent body wall of 
such a degenerated polypide, as an internal bud. The brown pig¬ 
mented mass often comes to lie in the new stomach and is evacuated 
through the anus. Formerly, this process was believed to be of 
excretory nature, in the absence of specific excretory organs. It was 
explained that the polypide degenerated due to the accumulation of 

excreta which is ultimately evacuated through the stomach. 

Reproduction. Asexual reproduction may be effected by the 
so-called statoblasts. The statoblasts are found only in the Phylacto¬ 
laemata. They arise from masses of cells which appear on the funi¬ 
culus towards the end of summer. They usuillv possess a lens-like, 
biconvex form (Fig. 342B) and arc enclosed by two watch glass shaped, 
hard chitinous plates the edges of which are usually enclosed by a flat 
ring formed of cells containing air (acting as float) and sometimes 
provided with crown of spines. The Phylactolaemata generally die 
down in the winter and the statoblasts arc left out for the perpetuation 
of species. They germinate in spring and give rise to new colonies. 
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Fig. 342. Excretory organ* of Ph>UctoUemata shown in transverse section, 
(after Delage and Herouard) 1, general boJy cavity; 2, cerebral ganglion; 3,. 
opening of the nephridiuen ; 4, excretory vesicle ; 5 excretory pore ; 6, sphincter ; 
7, nerve of the lopophore cut in seaion. B, statoblast. 

In the freshwater ctcnosomes PaludictUa and VutorelU the 
colonies also die down in winter, but before this certain external buds 
develop. The growth of these buds is arrested. They develop after 
winter into zooecia. Such buds are called hibernacula. In some 
cases parts separated off from the colony are able to develop into new 
colonics as in Cristattlla and Lopbopu 1. This is so as the animals pos¬ 
sess good power of regeneration. Budding is a common method of 
colony formation and is similar to that of the entoprocts (Fig. 343). 

Sexual Reproduction. The zooides arc usually hermaphrodite,, 
ovary and testes are found in the same individual. They arise from spe¬ 
cially modified cells of the parenchyma of the body wall or from the cells 
of the funiculus. The testes arc developed cither on the upper part of' 
the funiculus or near the point of attachment of the latter to the body 
wall. From the funicular tissue arise spherical masses of cells, the sper- 
matidia, from which sperms with long motile tails develop. They are- 
then released in the body cavity where they swim freely. Definite sperm 
ducts arc absent (Fig. 339). Whether the sperms pass out to the exterior 
is itself doubted. 

, The ovary is formed by the rapid multiplication of the cells of the parie¬ 
tal layer of the parenchyma about the middle of the zooecium. It consists- 
of a small number of cells of which only one becomes a mature ovum. 
Certain smaller cells of the ovary form an enclosing follicle. The mature 
ova are reported to be fertilized in the coelom. The fertilized ovum 
passes into the interior of a rounded outgrowth of the zooecium, the 
ooecium, lined with parenchyma in which it undergoes development. In- 
other species (/>. Ctenostomata) the development takes place in the tentacle 
sheath, or in special pouches as in Cheilostomata. The eggs or larvae- 
cscape either by the inter-tentacular canal, or by the rupture of the body 
wall of the parent or by the degeneration of the polypidc. In Alcyonidium 
Juplrx the sexual zooecia produce two polypides to complete sexual process 
the first of these produces spermatozoa and then undergoes disruption, 
into a brown body, where upon a second ploypide is formed which pro¬ 
duces ova. 1 
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Fig. 343 . Budding in rctoprocts. I. cuticle ; 2 . ectodermal invagination ; 3 . 
•ep'demm : 4 , outer vesicle ; 5 . inner veoc'e ; 6 . pnmordia of tentac cs , 7 , body o 
parent ; 8 , funiculus ; 9 , retractor (after Pelage and Hcrouard). 

Embryology. In V>uiuh the cleavage is complete and regular form¬ 
ing a biconvex blastula fFig. 344). In the segmentation cavity of the 
blastula four cells are produced. These are the primitive endoderm cells 
and divide and fill the entire cavity in some time, when they re P rescn ''’V 
the endo and mesoderm. In the endomesoderm as it may be called, 
appear small cavities that unite and finally form the P r ‘mmve cMlom. 
Around the equator of the embryo a broad ring-shaped ,h,ck *" ln *>, . 
•corona, is formed and becomes ciliated later on. On - - o.al s.de of he 
■corona develops a circular pallial groove (Fig. } 44 , ')• Another 
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ectodermal depression appears in the region of the corona on the oral side- 
This is the ectodermal groove. On the aboral side appears a retractile 
disc provided with motionless sensory cilia. In close relation to the 
ectodermal groove is formed a mass of cells, the pyriform organ. There 
is no alimentary canal in the larva (Fig. 344 H, I). 

Metamorphosis. After an interval of free-swimming life the sucker 
of the larva everts and fixes to some object. The aboral side of the larva 
becomes greatly extended, the pallial groove disappears and the corona 
curves downwards (towards the oral side). At this stage the larva looks 
like an umbrella (Fig. 345). The edges of the umbrella bend further 
downwards and fuse with the broad plate formed by the sucker and en¬ 
close a circular cavity, the vestibule, the walls of which are lined by coronal 
cells. At a later stage the wall breaks and the vestibular cavity merges 
with the internal cavity of the larva. All the larval structures except 
the basal plate of the sucker and the retractile disc disappears. The basal 
plate gives rise to the basal part of the wall of the primary zooecium and 
from the retractile disc arise both the ectodermal and cndodcrmal structures 
of the primary zooid. Most of the internal organs form the first brown 
body after which arises a new polypidc. 

This is the account of a form in which the early stages are passed 
i through under the protec¬ 

tion of the parents and thus the 
larva is without a functional ali¬ 
mentary canal. In the forms in 
which the development takes 
v place outside the body a frcc- 

>\ swimming larva with a functional* 

)\ alimentary canal is produced.. 

( / Such a larva is called the cypho- 

( nautes. 

tf Wrf 2 The cyphonautes (Fig. 346) 

§ Wr ^ as k >rm 2 laterally com- 

' * pressed bell with a circle of cilia 

. round the base. There arc two 

shell-plates placed right and left 
on the aboral surface. The valves 
4 meet in front and behind but 

n.r »i u 11 . . • gape venttally. At the aboral 

SSrK.T^T « » k™. 

rudiment of the zooid ; coronal cells; the two valves. Through this 

3 , vestibule ; 4 , basal p ate. opening projects the ciliated disc 

or the apical organ. The ciliated ring (corresponding to the pro- 
totroch) can also be seen projecting from between the valves. The 
base of the bells is the ventral surface ; it has two openings both 
enclosed by a special lobe of the ciliated ring. The larger and 
posterior of these leads into a depession called the vestibule ; the smaller 
and the anterior into an ectodermal depression called the pyriform organ 
of unknown function. The vestibule is divided into two parts, (/) the 
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anterior chamber at the base of which is the mouth and (it) a posterior 
chamber into which open the rectum. The alimentary canal of the larva 
consists of the pharynx, oesophagus, stomach and rectum. In front ot 
the anus, at the floor of the vestibule, is an invagination of thickened 
ectoderm, the internal sac, by which attachment is effected prior to 
metamorphosis. 


On attachment the alimentary 
way concerned in the forma¬ 
tion of the digestive tube of 
the adult. Other larval organs 
including the pyriform organ 
also disappear and the larva 
becomes reduced to a layer of 
epithelium surrounding a cen¬ 
tral mass of cells and broken 
down larval organs. The 
attached organism is the pri¬ 
mary zooecium. Its organs 
degenerate forming the first 
brown body which gives rise 
to an inner layer of ectoderm 
and an external of mesoderm. 
The ectoderm gives rise to the 
tentacles and tentacle sheath, 
the ganglion and the alimentary 
canal of the new polypidc. 

CLASSIFICATION 

The Ectoprocta is divided 
into two classes : Phylactolae- 
mata and Gymnolaerr.ata. 

Class x. Phylactolaemata. 
The r ctoprocta in which the 
lopophorc is horsc-shoe-shaped 
and which are found exclusively 
in fresh water. They produce 


canal degenerates and is 



Fig. 346. Cyphonaulei larva. A, sagittal 
section of the larva ; B, oral end of the larva 
as seen from be'ow (after Prouho). 1, apical 
plate; 2, mouth ; 3, left wing of the internal 
sac ; 4, internal sac ; 5, anus ; 6, pyriform 
organ; 7, ciliated ring ; 8, coelom ; 9, vesti¬ 
bule. 


gelatinous housings bearing zooids on the surface. The mouth is over- 
ming by a lip (epistome) and they have a special mode of surviving 
un avourable conditions, i. e. by means of internal buds or statoblasts. 
mportant species include Plumatella prinetps , zooecium calcareous, colony 
much branched erect or creeping ; Pectinatella zooecia a gelatinous mass 
with zooids exposed on surface ; Cristattlla muetdo forming an elongate 
ereepmg gelatinous mass upto 10 inches long in ponds. 

Class 2. Gymnolaemata. The Ectoprocta with a circular lopo- 
phore and are predominantly marine. Mouth is not provided with an 

^ •° I 5 —• dass lndudcs most of the fossil and living Ectoprocta., 
and is divided into five orders : 1. Ctenostomata with chitinous or gcla- 
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tinous zooecia provided with tooth-like process to close aperture ; Ordo¬ 
vician to Recent. AUyonidium , Seri a lari a (marine), Paludicclla (fresh water). 
2. Cyclostomata with calcareous zooecium without operculum, embryos 
in enlarged ovicells ; Ordovician to Recent. Crhia, ldmonea , Tubu/ipora. 
j. Chcilostomata with chitinous or calcareous zooecium of various 
shapes provided with an operculum. Jurassic to Recent.- Bugu/a, 
Menipea , Miwbranipcra. 4- Treptostomata with calcareous zooecium of 
2 parts, some colonies of 2 feet diameter, Orodovician to Permian. 5. 
Cryptostcmata with short zooecium ; Ordovician to Permian. 

Affinities. The phylogenetic relationships of the Ectoprocta arc 
uncertain. Formerly they were linked with the Entoprocta on the basis 
of certain superficial resemblances and the similarities of the larvae. The 
larvae of both arc similar in structure but they behave differently in two 
groups during metamorphosis ; and it must be remembered that pelagic 
larvae present certain similarities. The development of the two has 
proved the difference, the Entoprocta arc pscudococlomate and as such 
much low’cr in organisation than the Coelomatc Ectoprocta. 

W ith all this information it seems most consistent to seek for 
the affinities of the Ectoprocta among the Phoronidca and Brachio- 
poda as their possession of a lopophorc sets them apart from the 
Eucoclomata. It has been seen (sec page 426) that the Ectoprocta., are 
coelomatc animals with a true coelom and usually well-developed endo- 
mesoderm, excretory organs, when present, arc simple with or without 
nephrostomes and with anus. These characters along with the presence 
of a circular or crcsentic or spirally coiled lopophore, bearing ciliated ten¬ 
tacles and looped intestine link them with the Phoronidca and Brachio- 
poda. But as the objections against this view arc weighty it is advisable 
to raise them to the status of an independent phylum with affinities 
with the Phoronidca and Bracluopoda. (Also see affinities of Phoronidca 
and Brachiopoda.) 

REVIEW QUESTIONS 

1. Describe the larval forms of the Ectoprocta. 

2. Discuss the relationship of the Ectoprocta. 


PHYLUM 

PHORONIDEA 



THE PHORONIDEA 

Definition. The Phoronidea are hermaphrodite, tube-dwelling 
coelomate Bilateria with a tentaculated horsc-shoe-shapcd lopophore, 
a dorsal anus and one pair of nephridia. 

General Characters. The Phoronidea are slender worm-like crea¬ 
tures of various sizes that inhabit the bottom under shallow seas. About 
15 or more species arc known; of these a majority are included in the 
genus Pboronis and are from 1 to 1.5 mm. long, but one species, Pboronopsis 
California, grows to iz or 15 inches and its tube may be 18 inches long. 
The adult is cylindrical and inhabits leathery tube, to which particles of 
foreign matter, such as sand grains and sponge spicules are often found 
adhering. The animal appears to be only loosely attached to this tube 
and can protrude the anterior part of the body from the opening of the 
tube. Some are scattered singly and others arc so densely placed as to 
cover the sand for nearly an acre. Often a number of individuals may be 
found curiously associated together, their tubes twisted round each 
* other’s , without any connections between them. The reason of this- 
association is not understood. The tube is secreted by cutaneous glands 
in the anterior region of the animal. In some cases the straight cylind¬ 
rical tubes lodging the animals are embedded vertically just below thc* 
surface of the substratum in mud and sand. The bodies and tentacles 
of different species are red, orange, or green, and when numerous may 
give brilliant colour to the sea floor. 

Lopophore. At the anterior (oral) end there is a horse-shoe- 
shaped lopophore, often spirally coiled at the ends (P. australis l ), bearing 
ciliated tentacles (Fig. 547) that help in catching food. The concavity 
of the lopophore is dorsal. The tentacles are hollow and arranged in 
two rows (Fig. 347), of which the one on the inner side of the lopophore- 
is incomplete in the middle line. Between the two rows of tentacles the- 
mouth is medially situated in a groove. Between the mouth and the- 
inner tentacles of the lopophore (#.r. dorsal to the mouth) there occurs a 
laterally extended flap of the body wall, the epistome. The anus is dorsal 
and hes outside the lopophore at the summit of a median longitudinal ridge,. 
Un each side of the anus is the external opening of the nephridia. 
uevelopmentally speaking the area between the mouth and anus marks 
the dorsal surface and the whole of the aboral extension of the body is 
ventral. The lopophore has a great power of regeneration, any part,. 
« torn oft, regenerates. J r 


1 Denham, W. B., Quart. Jour, of Miser. Sc. Vol. 30. 
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The body wall. (Fig. 348) consists of the cuticle, 

an ectodermal epidermis, 
^ followed by a basement 

“jJZvL/r* membrane below which 

SgSgg' occurs the body wall 

musculature comprising 
two layers, circular and 
A longitudinal. The last layer 

internally is the parietal 

KB layer of coelomic epithe¬ 

lium. The tentacles possess 
a ring, of skeletal tissue of 

and is filled with a fluid 
containing colourless cor¬ 
puscles. The coelom is 
divided into two unequal 
chambers by a transverse 
septum situated at the 
level of the lopophorc. 
The anterior portion is 
smaller, oral chamber, 
j which continues into the 

««. y cpistomc and tentacles. 

\Y\| , The posterior aboral 

.111 \!IIi/Wa / chamber is the larger 


347. Phoronidea. A. a group of Phoromt 
tubes; B. one Phoronis taken out of us 
Z. individuals buried in the sandy subi- 
; D, lopophorc as seen from above. 1, epu- 
2, anus ; 3. nephridium ; 4, nephridioporc. 


A 
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left chi mber between the median 
and left lateral. Aborjlly 
the mesenteries arc incom- 
plctc and as such these 
■if/ift— chambers communicate 
WjT 2 with each other. Besides 
iffrn - x 3 mesenteries several fibrous 
UlJ bundles run across the 

Ml body cavity between the 

||l I4 body wall and the gut. 

Digestive Organs. The 
Ml. 15 alimentary tract is V-shaped 
jflf (Fig. 548) and occupies 
j Jr the mijor portion of the 

aboral extension of the 
16 body wall. It consists of 
p- 17 the oesophagus, the sto- 
_ L t8 mach, the intestine (somc- 
_ r_ 19 times called the second 
2Q stomach) and the rectum, 
" which opens at the anus. 
•. The inner lining is ciliated 

except the terminal part 
and the wall of the stomach 
is glandular. Phoronids 
h jg teed by extending the 
I . ‘ mucous-coatcd tentacles to 

1 —r 19 lay on the bottom and take 
minute organisms from the 
water ci in the surface 
I' “ a* debris. 

T-— 22 Excretory System. 

*j Excretion is brought about 

/ by two nephridia (Fig. 

348), each of which opens 
externally on either side 
v of the anus. Each nephri- 

11 dium passes towards the 
aboral side by crossing the 
showing septum and opens into the 

'SSSft bod y b v wo . °p c u n - 

[ nerve- in g s * thc smaller in the 
2. outer lateral chamber of the body 
:les; 14 , ^11 and the larger into the 

^afferent rcct ? 1 chamber. The nep- 
iry (after bridia also function as 
generative ducts. 


median and right lateral, and (3) a 
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Vascular System. Phorcnis has two longitudinal (Fig. 34 *)> 
vascular trunks, one lying in the rectal chamber between the two limbs of 
the alimentary canal and the other on the left side of the oesophagus. 
Aborally the vessels are continuous and anteriorly they pass through the 
septum and give rise to blood vessels to the tentacles and other parts 
lying in the area. These vessels are contractile to maintain the circulation 
of the fluid that fills them. The blood consists of a colourless plasma, 
containing nucleated blood corpuscles containing haemoglobin. i\o 
definite respiratory organs are found in the phoromds. 

Nervous Svstcm. The nervous system lies below the epidermis 
in the body wall*. It consists of a circumoral ring round the mouth, un 
the dorsal side the ring is slightly enlarged between the mouth and h 
anus forming a dorsal supra-cesophageal ganglion. From the nngn 
are given oft to the tentacles and nephr.d.a, etc. Two large fibres frem 
the ring run along the lateral mesenteries. 

There are no organs of special sense. Two ciliated pits are. however. 

found on the dorsal side of the base of the inner series of the ten'ades 

These organs have been regarded sensory by some authors 

H~v a h«m.ph.odi«. y rgj 

is ;i — 



vessel ; 2. median ,* Return ; 10. body wall. 

%-bt?is t && 

and reach the spaces cncbiscd b> he ten thal thc fertiltza- 

fertilization is effected. Some authors have sugg 
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Fig. 350. A, blastula of Phoronii showing segmentation cavity containing meso- 
dcnn cells (after E. Schultz); B. gastruU of Pkcronis (alter Metschnikoff); C, early 
embryo 5 D, embryo with ciliated lobes; E. larva with evening visceral sac ; 

~ lramfo * min 8 “ lo *»ult. ». ectoderm ; 2, endoderm ; 3, mesoderm : 

4. mouth ; 5, anus ; 6. gut ; 7 , ciliated lobes. * * 


tion takes place in the body cavity. Development takes place while the 
embryo remains attached to the tentacles. 

arf nSr n A, Ti!" , Cl “ Vag ,? iS COm P l£te and Sl'ghtly uneaual ceUs 
are produced. At the four-cell stage two darker, larger blastomeres 

the endoderm can be distinguished from the two smaller cleared 
cells, the ectoderm. A blastula is formed with clearer ectoderm cells 
on one side, and a gastntla ,s formed after invagination ; the blastopore 
which assumes a sbt-hke form, closes up behind, but remains open in from 

known as the actinotrocha. ^ nsparent body and is 

Of “, d !«« *»1' 

are also present. The cilia on the 1 S ° me , Sp ,'? CS e y es P°‘8 

than the rest and form a velar ring Excretnre preoral ,!° be * te ,on g er 

mg. excretory organs are like those of the 
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trochophorc larva (Fig. 263), have no coclomic apertures but arc pro¬ 
vided with solenocytes. They are said to change into nephridia of the 
adult during metamorphosis. Due to the presence of the velar ring of cilia 
and the apical plate the actinotrocha is regarded as a modified trochophorc 
by many authors. The actinotrocha possesses a coelom in the form of two 
pairs of mesoblastic sacs which constitute the body cavity of larva and also 
give rise to that of the adult. The trochophore larvae of molluscs and 
annelids do not possess this. 

Metamorphosis. After a period of free life the larva sinks to the 
bottom and undergoes metamorphosis. There is an invagination on the 
ventral surface between the mouth and anus of the larva. This portion be¬ 
comes evaginated and forms a tubular projection, the visceral sac, at right 
angles to the ventral surface. This projection forms the body of the adult. 

By this time the rudiments of adult tentacles also appear. The alimentary 
canal now passes into the visceral sac forming a U-shaped loop, bimui- 
taneously with this the anal papilla becomes reduced, more and more, 
eventually taking the adult position, with the extraordinary deve op- 
ment of the visceral sac. The larval tentacles and the prcoral lobe along 
with its ganglion are now absorbed and the lopophorc appears. The adult 
tentacles become fully formed and the attachment is effected by the 
apex of the new body. 

Distribution. The Phoronidea are widely distributed occurring 
in all the chief geographical regions. Some spec.es occu.:«: °»^epths ^ 
but some are folnJ up to moderate depths of about " 

some cases the phoronid tubes lie in the excavauons .n stones or n 
shells of molluscs and some species have even been reported from 

bodies of sea-anemones. 

A trinities. The phylogenetic aff nities of Phoronid* have long been 
a subject for speculation and difference of opinion. The group ha sb«en 
linked at one time or another with the a'attempted 

iitilflifet 

phenomenon of enim! elenv.g" ” “^“p^ 

. be,’, foe eemhUshing nhTlogenone 

1 Joan C Raltenbury, Joum. of Morph., Vol 95, 1954. 
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larities in the embryology, including cleavage, fate of the blastopore and 
origin of the mesoderm are among the most widely used. Concerning 
cleavage it is important to note that the spiral cleavage of the egg of Phoro- 
tiopsis viridis differs from the spiral cleavage characteristic of the annelid 
mollusc group. The Phoronidea, as well as the groups of animals of 
which spiral cleavage is characteristic, are protostomous(Grobbcn, 08), the 
larval mouth being formed at the site of, or as a part of the blastopore. 
These animals have a similar mode of origin of the endomesoderm in which 
appear the coclomic cavity in the coelomate phyla. Phoronidea may thus 
be considered as a primitive member of Protostomia with spiral cleavage, 
which to some extent conforms with the idea of Marcus (’34) who placed; 
the Tentaculata (Molluscoidca) at the base of Protostomia (Bilatcria). On 
the basis of cmbryological evidence, however, the homogeneity of the 
Molluscoidca appears very questionable and the degree of relationship 
between the Entoprocta, Bryozoa, Brachiopoda and Phoronidea is diffi¬ 
cult to estimate. 


i 


The relationship with the ectoproct Bryozoa and Brachiopoda has 
been based chiefly on adult characteristics such as the U-shaped diges¬ 
tive tact, the lopophore and tentacles and to some extent on mesoderm 
formation and similarities between larval forms. Caldwell was the first 
who pointed out that in the Phoronidea, Brachiopoda and Ectoprocta 
the dorsal surface is reduced to a little space between the mouth and anus 
and in all the preoral lobe of the larva almost entirely disappears. Caldwell 
instituted a comparison between Phoronis and Phylactolaemata both of 
which have horse-shoe-shaped lopophore, and epistome, a body cavity 
partitioned by a septum near the oral end and similar nephridia. There are 
many objections to these points, the prominent among them being that 
the line between the mouth and anus is dorsal in Phoronis and ventral in 
Ectoprocta. The phoronidea, thus, remain a group of uncertain relation¬ 
ship. Recently there has been a tendency to consider the Phoronidea as a 
separate phylum and the same is followed here. They, however, appear 
to have affinities with the Ectoprocta and Brachiopoda. 

. REVIEW QUESTIONS 


1 . 

2 . 


Describe briefly the structural peculiarities of the Phoronidea. 
Discuss the affinities of the Phylum^ 4 r <) n / c'l A 
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THE BRACHIOPODA 

Definition. The Brachiopoda are fixed, solitary, apparently unscg- 
mented coelomatc Bilateria with a tentaculated buccal groove, often 
prolonged into arms and a bivalve shell. 



• Fig. 351. Different type, of n-chiopod % |.f.« Bronn). A U«*| B. OmU , 
C. Disarm ; D, Teubralula ; E. Culella ; F. Sfnnjera ; G. hraussxna. 

_ . . 1 /t L- o rrr» Tip. 


L/isana ; l/, i ereoraiuia ; . * • -r' v— • 

r . n#M . a i Characters. The Brachiopoda (L. brim bio, arm Gr. 

times some 416 genera are known t m - nvcrtc b r atc world of that 
Mesozoic. They were .mportant fauna of’to ™ thcir sole 

time. About 70 genera coycr.ng some it 5 Ilm>ng P ^ js almost 
representatives of the modern time. found at least 100.000,000 

identical with Jdes" known animal genus. 

years ago and has the honour or u *> an d a few occur in deeper 
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dorsal and ventral. The dorsal shell is, as a 


poda, but arc —--— - , . . . , 

of the two and usually lies towards the lower side of the animal in natural 
state (Fi<* 554). The gape of the brachiopod shell is anterior and the 
hinge is°posterior. The posterior end of the body is extended into a 
stout muscular stalk or peduncle by which the animal is attached, usually 
to rocks and stones. The peduncle is absent in some cases {Crania) in 
which the animal is attached by the ventral valve. The posterior end of 
the shell narrows, and the ventral valve projects behind the dorsal and may 
be produced into a short beak or funnel through the aperture of which 
the stalk protrudes. 


Fig. 352. Valve* of ihe shell of Mogtllania. A, dorsal valve; B, ventral 
valve. 1, impretoion of abductor muscles; 2, impression of adductor muscle ; 3. 
impressions ol retractor muscles ; 4, ligament; 5, deludium ; 6, peduncle; 7, shelly 
loop ; 8. articular cavity ; 9, car linal process. 

The ventral valve, as already stated, is produced posteriorly into a 
beak terminating in a foramen for the peduncle. Distally the shell does 
not complete the margin of the valve (Fig. 552) but a separate double 
plate,the dcltidium, closes it. Anterior to the beak is the curved hinge-line 
along which the valve articulates with its fellow. Still anterior, the inner 
surface of the shell is produced into a pair of large articular teeth or dent 
articulaire. Posteriorly the inner surface of the valve shows a number of 
shallow depressions which are impressions of superior and inferior 
adductor migcTcs, superior and inferior abductor muscles and adjustor 
muscles meant for the attachment of shells (Fig. 352). 

The dorsal valve has no beak (Fig. 352) but at the hinge its posterior 
edge is produced into a strong cardinal process or apophysis. During 
actual articulation the cardinal process fits into the space between the 
articular teeth of the ventral valve. In the middle the inner surface of the 
shell presents a median ridge or septum which continues posteriorly 
upto the cardinal process. With the base of the septum arc attached the 
two arms of a peculiar calcareous ribbon, the shelly loop, which pror 
jects freely into the cavity enclosed between the two. valves (Eig. 35 5). 
The inner surface, besides this, presents impressions of the muscles fop 
attachment. .* . 
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The valves externally present a series of concentric rings, the lines 
of growth. In many forms the shell is perforated by minute pores which, 
however, are closed, externally by the outer layer of the shell. They lodge 
the tubular prolongations of the mantle. The shell is made up of prismatic 
rods of calcium carbonate placed obliquely to the external surface made up 
of chitinous substance mixed with caibonate of lime, and called the 
periostracum. The calcareous spicules arc separated from one another 
by a thin layer of membrane. Further, the shell is traversed by perpendi¬ 
cularly disposed delicate tubes closed in the outer side. 



Fig. 353. Body of MottUonia removed from shell showing mantle joba. 1 
and 5, pallial sinus ; 2. lip ; 3, coiled process of lopophore ; 4, lopophore ; . • 

7, gonads; 8, excretory aperture; 9, dorsal mantle lobe 10, mouth , i», 
mantle lobe ; 12 , pedut cle 

Mantle. Closely applied to the corresponding valves is foundl a 
fl at continuation of the body wall, the mantle lobe. Between the dorsai 
nd ventral lobes is enclosed a wedge-shaped space, the mantle cavi y 
po^eriorly bound by the body. The margin of the mantle lobes 
fringed with minute setae lodged in muscular sacs (like those ° 
chactopods). On the outer surface of the mantle arise delicate hoi 
processes which extend into the tubules ot the shell. Hach of the man 
lobes is formed by the reduplication of the body wall and encloses 
prolongation of the coelom (Fig. 353)* 

Lopophore. The body of the animal lies at the posterior end 
of the cavity occupving about one-third of the space enclosed by them. 
The dorsal and ventral surfaces are in contact with the two vah es nn h 
as the anterior surface faces the gape. The most conspicuous«hc* 
the body are the two spirally coiled tentacular arms or the horse shoe 
shaped lopophore (Fig. 354). The two arms of the )op°phore curve in^ 
ward and coil to fit into the mantle cavity. The m.ddlk J hc 5 ° 
edge, which is dorsal in position, is produced into * s P ira “> 
shoot and lies coiled towards the dorsal side between fhe Jwo arms, 
lopophore is hollow internally containing a spacious cavit) or sinus. 
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Fie. 354. Anatomy of MogW/onio. A. B. living types a* they occur in life ; C.. 
internal organs as seen from side. I, mouth; 2, liver ; 3. ovary ; 4. coelom , 5.. 
dorsal valve ; 6, lopophore ; 7, ventral valve ; 8, interline ; 9, pedunc e. 

two main arms also receive prolongations of the coelom into which pro¬ 
ject the digestive glands. A ciliated food groove runs along each arm 
of the lopophore. The outer boundary of this groove is formed by a 

row oflong ciliated tentacles, whereas, on the inner side the groove is. 

bounded by a wavy ridge or lip. The tentacles are long and may protrude 
from the gape. The cilia on the groove and those on the mantle surfaces 
produce two ingoing currents of water that carry food particles and 
also maintains a steady supply of oxygen. 


Body Wall. The body wall comprises three layers : (/) an outer 
layer of epidermis consisting of a single layer of cells ; (/#) next layer of 
connective tissue which is more or less cartilaginous at many places, 
and («/) a ciliated coelomic epithelium lining the body cavity. 


• Body Cavity. The body cavity or the perivisceral cavity is a 
true coelom and extends into the folds of the mantle. It is divided 5 
into a right and a left half by a dorso-ventral mesentery. Transverse 
mesenteries also occur. The coelom communicates with the exterior 
by one pair of nephridia. It is lined by ciliated coelomic epithelium and' 
is filled with fluid into which float colourless corpuscles. 

Musculature. The valves are attached, to each other by .well- 
developed muscles (Fig. 355) and not by elastic ligaments. There are- 
two large adductor muscles arising from the dorsal walls, one superior 
and the other-inferior. As these two muscles pass ventralwards they unite- 
and thus have only, a single insertion on the ventral valve. These mus¬ 
cles close the shell. A small pair of .abductor or divaricator muscles, ajrisr 
from the-ventral valve and are .inserted into the, cardinal process, which th^y 
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Fig. 355. Musculature of Mauritania. I, peduncle ; 2, adjustor muscle, 3, adduo- 
nor muscles ; 4. dorsal valve ; 5, shelly loop ; 6, abductor muscle; 8, dorsal valve. 

• depress. The function of these muscles is to open the shell. Besides these 
there arc two pairs of adjustor muscles one arising from the ventral and 
the other from the dorsal valve and inserted into the peduncle. Their 
function is to ad|ust the position of the animal as a whole by turning in 
various directions. 

Digestive System. The mouth is a narrow crescentic aperture 
situated in the middle of the lopophorc in a transversely directed buccal 
.-groove which in the simplest case has a somewhat circular course (Fig. 3 ) 4 b 
'The mouth is on the posterior side but the anterior part of the groove is 
bent backwards (Fig. 5 54)- In other forms the buccal groove docs no 
•form a complete circle, bat is incomplete anteriorly and the 
formed are coiled into a spiral which is variously disposed in different 
forms (Fie. 3i j). The mouth leads into a ciliated alimentary canal which 
is V-shaped comprising a sac-like stomach and intestine a straight tube 
Which extends from the stomach downwards and backwards tonrit the 
ventral side and ends blindly in some forms (r.. t . A%/ 4 »i»«= U 

1 n other forms (r. ?. in Uncut* and Crania) the intestine ends in an anus. 
In to the stomach opens the digestive gland composed ofbranchmg tubes. 

Excretory Organs. The renal organs are nephridia (Fig. >} 6 )- 
Usually there is a pair of nephridia, but in Rhjmlm'lla there are 
pairs, one dorsal and one ventral. In the body cavity each nephndium 
opens by a funnel-shaped nephrostome and externally on c h ,' n 1 
of the mouth near the base the of arm. These tubes also function as 

gonoducts. . 

Nervous System. The well-developed nervous system tom y 

muscles and to two small ganglia which supply thc Tcol^iluMurcs «e in 
; add the muscles of the peduncle. All the ganglia and commissures 
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immediate contact with the ectoderm. Special organs of sense have not 
been described up to now. 

Circulatory System. The circulatory system is simple and consists 

of a longitudinal vessel in the dorsal mesentery. One regmn of tms 

is distinguished as a contractile vesicle, the heart, placed on the dorsal 
side of tte stomach. The heart gives off a vessel wh.ch passes forwards 



Fig. 356. Nervous system of Ttrtbrclula (after Lang). 1, brain ; 2, nerves; 3, 
oesophageal connective ; 4, infraoesophageal ganglia ; 5, ventral mesentery ; 6, 
ovary ; 7, dorsal meseotery ; 8, oesophagus ; 9, nephrostome ; 10, nephridium ; 11, 
genital fold. 

along the oesophagus and supplies the tentacular region and the oeso¬ 
phagus, etc. There are two pairs of small lateral vessels running to the 
generative organs. The blood is colourless. 

Generative Organs. The sexes arc usually separate, some forms, 
however, may be hermaphroditic. The generative organs develop from 
the coelomic epithelium near the intestine. The gonads appear as thick yel¬ 
low bands or ridges which project into the body cavity and extend into 
the lacunae of the mantle where they may be considerably branched. The 
ripe sex cells are released into the body cavity whence they pass to the 
exterior through the nephridia. In some genera (Tbeddium, Cis/el'c , 
Argiopi) the eggs undergo the first stages of development in brood 
pouches placed near the openings of the nephridia. The brood pouch may 
be median and vential ( Thtridiurr) or paired (Argiopt). 

Development. Much work on the development has yet to be done. 
The egg is small and the segmentation is complete resulting in the forma¬ 
tion of a ciliated blastula. Gastrula is usually formed by invagination. 
The blastopore narrows and gradually closes. In the interior two diver- 
itcula arise from the archenteron and these are gradually constricted eff 
forming coelomic sac (Fig. 357 B,C). An ectodermal, thickening in front 
forms the apical plate from which is derived the supraoesophageal 
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Fig. 357. Development of Brachi ipoda. A.gastrula; B, coelomic sac* con¬ 
stricting off; C, segmentation appear*; :D. free swimming larva ; E, mantle lobe » 
appear ; F. section 01 the larva at D ; G. larva attache*, mantle folds turn forward*; 
H, cephalic disc reduce*; lopophore makes its beginning ; I, adult characters develop. 
1 blastopore; 2, segmentation cavity; 3, coelomic vesic’es ; 4, setae; 5, eye, 
b, cephalic disc ; 7, dorsal mantle lobe; 8. ventral mantle lobe ; 9, mouth 
10 , peduncle ; 11, rudiment of lopophore ; 12, lopophore. 

ganglion. The embryo then becomes constricted by an annular furrow, 

- * —*'». The anterior of these soon divides in 

that three segments arc formed (Fig. 357)- Of these the 
the middle one is the body or mantle region, 
J 1. The enteron is confined to the two 
and docs not extend to the caudal segment. 

>mcnt proceeds the head region develops into an urn- 
rD) which develops cilia and four eye-spots. 1 n 
mantle lobe grows back projecting over the caudal re- 
gionaVd develops four groups of provisional setae, that w replaced b> 
fecond set of setae in the adult. In this ^ndttmntheembrjolc. 
brood pouch and begins its free-swimming l^.^h.ch-s oasho»d j( 
During larval life the enteron remains entirely closed. Alter som ^ 
comes to rest and fixes itself by the peduncular segment and soon 
folds turn forwards and envelop the first segment (Fig. 357 ^- 

.ecrlted byTh ™ 


the mantis groove, into two parts 

a similar manner sol' 
anterior is the head region, 
the third foot or peduncle region 
anterior segments *- 

As the development 
brclla-like disc (Fig. J 57 
second segment or i 
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mouth. The lopophore first appears on the inner surface of the dorsal 
mantle lobe, but gradually extends and surrounds the mouth. At its 
earlier stages it is circular (Fig. 3*7) but becomes horsc-shoc-shaped by 
sending out piired extensions. The caudal region of the larva becomes 
the peduncle of the adult. 

Affinities. There are four main opinions regarding the natural 
affinities of Brachiopoda : (1) The Mollusca Theory. At first they 
were brought nearer to acephalous molluscs with which their bivalve 
shell gives a striking external resemblance. The position of the valves, 
the peduncle, the arms and all the interior organizations arc essentially 
different in two groups. The development has nothing common in 
either. The molluscan affinities have, therefore, nothing more than a 
historical interest. 

(2) The Chactognatha Theory. The second opinion links them with 
the Chaetognaths (see later) based on the resemblance in the formation 
of the coelom and mesoderm which is cnterocoelic in both. This resem¬ 
blance is indeed very real, but nowadays the embryogcnic processes, 
specially those of the first stages are supposed to be regulated by certain 
factors and laws common to severai types and thus do not have any 
phylogenetic significance. Even if phylogenetic importance may be 
given to the development it will be seen that in the present case only 
the appearance of mesoderm has some similarity between the two and the 
further development between the two is quite different and so is the 
organization of the adult. 

(3) The Annelida Theory. Comparatively more admissible appears 
their relationship with annelids. The larva is suggested to be of trocho- 
phorc type. This is suggested considering that the mouth in the larva is 
formed on the ventral side of the umbrella-like head segment which is 
the preoral lobe and which soon disappears or is reduced to the cpistomc 
<lip of the buccal groove). Many people are opposed to this view. Further, 
the presence of setae secreted in cutaneous sacs, indication of segmenta¬ 
tion plan of the nervous system and relations of the coelom in the adult 
also suggest annelidan affinities. In the light of this view the Brachio¬ 
poda can be regarded as annelids with three segments, marked in the 
embryo by the annular constrictions of the integument. Thus, the Bra¬ 
chiopoda may be considered with some probabilities of reason like the 
segmented annelids (Cephalobrancbs or Oligonereis) which might have 
become fixed and transformed their tubes into a pair of calcareous scales 
(valves) adhering to the epidermis. But the segmentation of the body 
is only superficial and there is no segmentation cither of the body 
cavity, or of the genital organs, or of the nervous system, or in segmental 
organs, etc. Hence this view had to be given up. 

(4) The Phoronis Theory. The opinion which tends to prevail 
lings them with Phoronis and ectoprocts. The arms with their tentacles 
are comparable to the lopophore and the lip to the cpistome of Phoronis, 
further, the possible presence of three mesoblastic segments, the rela- 
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tions of the nephridia and the coelom, and the mode of attachment by 
caudal region can also be simulated. About the caudal region it is said 
that it is regarded as equivalent to the evaginated foot of Pboronis. Thus, 
the suggestion that the Brachiopoda are allied to Phoronidea appears 
attractive strengthened by the argument that (/) in both the preoral lobe 
shrivels up or disappears leaving at most the epistome as its indication; 
and (//) in both the dorsal surface between the mouth and anus is extra¬ 
ordinarily shortened. 

But even these principal arguments arc open to serious objections. 
On the whole the increased knowledge of its anatomy and development 
suggests that the status of an independent phylum may be assigned to 
the group with special affinities to the Annelida by (/) the form of their 
central nervous system, (//) their setae, (///) the presence of well-developed 
perivisceral coelom, and (//•) the traces of an imperfect segmentation. 

CLASSIFICATION 

The phylum Brachiopoda is divided into two classes Inarticulata or 
Ecardines and Articulata or Testicardines, on the basis of the nature 
of their shells and the presence or absence of anus. 

Class i. Inarticulata or Ecardines. The Brachiopoda having two 
valves of the shell almost alike and of horny texture and without hinge, 
being held together by muscles. Shelly loop is absent and anus is pre¬ 
sent. Among the recent forms this class includes Crania in which the 
ventral valves is flat, fastened to the rock and the dorsal valve is conical. 
Linauln found in the Pacific and Indian Oceans lives between the tide 
lines and burrows in mud with long contractile peduncle. This includes 
many fossil forms. 

Class 2. Articulata or Testicardines. The Brachiopoda having 
two dissimilar valves formed of calcareous material ; a hinee is usually 
present and usually with a beak for the peduncle and shelly loop for the 
lopophore. Anus is absent. Besides many fossil forms this group 
includes most of the living genera such as Pbyn,hotrtmata y Terebratuhna, 
Maf el /aria (= W a! dheirnia). 

REVIEW QUESTIONS 

1. Describe the mode of feeding in the Brachiopoda and compare it with 
that of the Phoronidea. 

2. Discuss the affinities of the Brachiopoda. 
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Definition. The Arthropoda are jointed-limbed animals in which 
the segments of the body arc variously fused to for m the h ead, thorax and 
abdomen or the like. The exoskel eton, containing chltln, is moulted entire 
at intervals. Cilia are entirely absent. 

General Characters. The Arthropoda (Gr. artbros , ioint-f pofos % . 
foot) contains animals that have attained the greatest biological success.. 
This group has the largest numbers of species and of individuals, occupy¬ 
ing the widest stretches of territory and the greatest variety of habitats ; 
consuming the largest amount and kinds of food, and most capable of 
defending themselves against their enemies. More species of arthropods 
have been described than of all other kinds of animals put together. More 
than 740,000 species have been described and many of them arc enorm- 



Fig: 358. Diagram illustrating the fundamental di/Terences between the end-- 

Chitinom exoskelewo of the anhorpods (B) 1, bones- 
Ijrng .mentally ; 2. mute e,; 3, chidwus exotleleton ; +, imersegmen.,1 membrane. 

Zt n, a rrl d r !* in a di ' id “ i,s - The group includes prawns, lobsters,, 
shrimps crabs, water fleas, barnacles (class Crustacea), the insects (class- 

cen,, P edes ( dass 1 Chilo P oda) . 'he millipedes (classDiplopo- 
da), the spiders scorpions, ticks and their allies (class Arachnidal and' 
other less familiar and fossil forms. P'ripa.us, represemfog a d^is on 

mediate'? r Wh,Ch P ICS “ V ' d whfch are clfarly imer- 

Arthropod",), !s n^TndudS^pV^dett 

.. »dc„ ot thw „ „ d “s. 
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protective covering enables the arthropods to live successfully in every 
conceivable environment. Due to the natural rigidity the exoskeleton 
is sloughed off from time to time. This phenomenon is eedysis. Due to 
the formation of chitinous exoskeleton cutaneous breathing, as in anne¬ 
lids and other lower animils, is not possible. As such in aquatic forms 
gills are formed and in terrestrial forms a system of air-tubes, the tracheae, 
has been developed by means of which oxygen of the air is conveyed direc¬ 
tly to the tissues. Among other internal modifications due to the forma¬ 
tion of a tough exoskeleton is the reduction of the coelom that is replaced 
by haemocoel. The body shows mctameric segmentation. Some an¬ 
terior segments undergo cephalisation forming a distinct head. The 
limbs arc jointed. Proctodaeum and stomodacum are lined by cuticle 
continuous with the exoskelcton. A peculiar feature of the Arthropoda 
is the complete absence of cilia except in Ptripatus. True nephridia are 
absent. Muscles are striated, usually complex, capable of rapid action. 


Arthropoda and Annelida. The Arthroprda have much in 
common with the Annelida and must be regarded as derived from the same 
stock as Polychacta in that phylum. These are the two invertebrate 
phyla with conspicuous segmentation. Both show this in the body, 
muscles and nervous system. 1 he Arthropoda differ from the Annelida in 
(i) the general lack of intcrsegmental septa, (2) reduction of the coelom, 
(?) concentration of the excretory organs and the gonads, (4) presence of 
chitinous exoskelcton, (5) presence of jointed appendages (6) presence 
of compound eves, (9) absence of cilia, and (8) separation of sexes. 

Some zoologists have divided the Arthropoda into 5 subphyla in¬ 
cluding Branchiata (crustanccans, trilobites), Insecta or Tracncata 
(insects), Chcliccrata (spiders, etc.), Chilopoda (centipedes), and rto- 
goncata (millipedes, etc.), with several appendices for forms of uncertain 
status. General trend, however, is to divide the phylum into five to seven 
classes: Onychophora, Crustacea, Insecta, Arachmda, Uulopoaa, 
Diplopoda Symphyla and Tardigrada. Some keep centipedes and mill- 
pedes as separate classes, whereas others join them as the class Myriap • 
Of these the most ancient is Onychophora follow ed by the trilob'tcs n 
crustaceans. But the sequence of classes here is mainly one o 
nience. 


X 


CLASS ONYCHOPHORA 

Definition. Elongate unsegmented animals with many cross rows 
of fine papillae and is to 4 i pairs of stumpy legs with claws. Head not 
distinct, eyes present and antennae short. Sex openings mid-ventral 
before anus. 

General Characters. The Onychophora (Cr. onytbus, claw-f pborus 
bearing) which means ‘claw bearing’ and refers to the curved claws on 
the feet, is t*c most ancient group. Naturally the onychophores show 
affinities with’thc true worms. They are terrestrial animals; withii thm 
soft cuticle. The head consists of only three segments of which the preo 
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one bears preantennae and the two post-oral segments bear jaws and 
onl papillae, etc. The body segments arc alike, each bearing a pair of 
appendages. The legs of onychophorcs bear arthropod-like claws. The 
animals breathe through trachea, the openings of which (stigmata) are 
scattered all over the body. The body cavity is hacmococl, there arc 
paired lateral ostia opening into the pericardium. The reproduc¬ 
tive organs arc furnished with cilia. The existence of an animal with 
structures peculiar to two different phyla is the result of the process of 
organic evolution. But such a case creates difficulties in classification. 
Some such groups of dual nature have been raised to the status of indepen¬ 
dent phyla. The same has been done for the On>chophora by some. 
Others, however, think that the onychophorcs arc definitely annelids 
(with soft cuticle, segmental nephridia, and ciliated gonoducts, etc.) and 
that their arthropod-like characters have arisen independently. Still 
there arc some zoologists who think that the arthropodan characters of 
these animals (including the jaws derived from appendages, the body 
cavity being hacmocoel, the dorsal “heart’* with ostia, the coelom 
reduced to the cavities of the nephridia and reproductive ducts ; the 
tracheatc respiration, and the general structure of the reproductive organs, 
etc.) arc more emphasised and as such place them with the Arthropoda 
as a separate class. Peri put us, the animal belonging to this class is re¬ 
garded as a ‘connecting link’ that has survived the pressure of time and 
exists as an intermediate stage between the two phyla. The same view 
has been adopted here. 

TYPE PERIPATUS 

Peri put us is a rare animal found in moist places under rocks, in 
crevices, under stones and logs, in the tropical forests of Africa, Aus¬ 
tralia, Asia, South and Central America, West Indies, Malaya Peninsula, 
Sumatra and a few other regions. Its occurrence only in local regions in 



Fig, 359. Ptripelus. 

such widely separated parts of the world suggests that it was 
a more successful and widespread form in the na<t h„. ;« P ro ]> al > Y 
disappearing. About 7 o species are klwn a^ they iu .^s^v er^ 

soft velvety skin k and^many^airs^o'f Tt^py 1^° «rt«d£ ’T"' 

SU "Vse^ 

segment of the body. The stutn’/W °JToI Jfflffff “S 
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Prevcntral organ 


Ncpliridioporc 


Crural papilla 


Genital opening 


Anal gland opening 


B 


Fi , m A. venlial view of .he anterior end of IV ip*',, (after Grarre) ; B. ventral 
view oi posterior extremity of the same (after Uouv.er). 

and lacks ccphalisation, .... di-tinct head 

two short antennae and bears a pan of simpk annel I js furlhcr 

The mouth is ventral and is surrounded 1 >> a Meshy to On either 

furnished by two small horny jaws used ,o t “^ R '' n fhc oral papillae, 
side of the mouth are S.tuatedtwobun. pm«* "ons which are- 

on which open a pan ot glands that gn e It dim appcn da R cs 

discharged when the annual * attacked.■ s %^cn.s -ha. 

(antennae, oral papillae, |au s) occu <> » , is thought 

compose the head. The .hrec-segnwn.ed head ^P.n, nItl ,, T ^ 

To inrlicate a condition midway between h ■ . hj ,j n i7cd 

ft hat have six-segmented head' The *.n » «h.« *o • > P , u tlic 

with many transverse rtngs .1 fine papulae, each P 
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base of each leg towards the inner side is a nephridial opening. The 
anus opens at the bluntly conical posterior end. The genital opening 
is also single ventral pore, a little anterior to the anus. The ventral sur- 
tace is reddish in colour and dorsal darker, presenting an elaborate pattern 
produced by minute mottlings of various colours such as green, red and 
brown, etc. 

Body Wall. The outer covering is a thin cuticle like that of 
annelids. It is ridged and covered with microscopic projections which 
give it a velvety texture unknown in other animals. The epidermis 
is the next layer that also secretes the cuticle on its outer surface. 
Beneath this lies the musculature consisting of a thin but complex series 
ot muscle layers comprising circular, longitudinal and transverse 
muscles. A layer of epithelium lines the body cavity and invests the 
contained organs. Incomplete muscular partitions divide the cavity 
into a median and two lateral compartments, besides the pericardium 
which lodges the heart. The prolongations of the lateral compartments 
extend into legs. Developmental studies show that the body cavity 
is not a true coelom but haemocoel. 

Digestive Organs. The internal anatomy is a mixture of annelid- 
hke and arthropod-like structures. The digestive tract is simple and not 
particularly distinctive. The buccal cavity is formed secondarily bv 
the union of a ring of papillae and folds surrounding the true mouth into 
a circular up On its roof it bears a slight prominence, the tongue and a 
row of sma" spine or teeth. The buccal cavity also encloses the bases 
of the laws. It .s followed by a thick-walled pharynx, in turn, 
tollowcd by the oesophagus. This leads into a .hin walled tube 
extend.ng nearly to the posterior end of the body and known as the 
6 'T% ll n ' C,,,nC Or ™ esen,eron - T hc rectum is a narrow terminal 
P” of ,' h , e ,n,es, ‘!> e opens at the anus. There are two long 
r™,* . ,ub “ lar sal > var y Blands that open into a small diverticulum 

Th '"' “ “ pp "” d ,o bi 

jar 1 *,* i**sl : 

Oium. I he heart communicates with the pericardial cavitv chrmmh 
sit!«eh pair o C ne|s. ,tS ° f Va ‘' mIar ° S ' ia ’ °" e P lir ° f wbicb «« °PP>- 

unb^nc^d^r^te^^ranehed twSf«l < wbe S s ,St which n are 1°' ^ 

thin ehitinous layer’exhibiting fine tr^svet^'^ol xu by 1 
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Fig. 361. Enlarged diagram of a leg of Ptnpalus,. 

groups. The tracheal tubes are lined with ciliated epithelium. The 
number of stigmata varies in different species. „ rrr , tnrv 

Excretory System. The most annelid-like character ts^the «cretory 

system. This consists of se^menta Lo^^the^ephridiopores, at the 
nephridia, which open by external . P closed at its inner end, a ciliated 

ci,i - - 

the tube drive the excretory products out. . . , , 

In some species there exist coxal or on the 

compartments of the body - • . t j, c apertures of the 

lower surface of the legs (Fig. 5 ) I , , except in P. raptnsis. 

excretory ducts. They are absent m the various secies. 

Their number and arrangement differ c ^ fa cavity in simi- 

A pair of large slime glands (Fig. 3 )^ j||ac These are supposed 

lar position and open at the "P* J^* h * ° is irrita ,cd their secretion 

to be modified coxal glands. he " h , f finc visci d threads probably 
is discharged often in the form of a number ot nn 

as a measure of defence. • f . of 

a paKTl gK Jbmin^the arise two wide. 
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Antennae 


Mouth 

Pharynx 


Ocellus 


Slime gland 
Ventral neive chain 


Salivary gland 


Pericardial chamber 


Nephridium 


Intestine 


Uterus 


Genital opening 


Anus 

Fig. 362. Internal organs of Peripoiut, seen from side, 
separated ventral nerve cords which run parallel to one another to the 
posterior end of the body, where they ioin together behind the anal aper¬ 
ture (Fig. 564). The cords show slight thickenings in each segment 
opposite each pair of limbs. Several transverse nerves connect the two 
cords imparting them a ladder-like appearance. From the brain nerves 
go to the antennae and other anterior structures. From the cords arise 
secondary nerves innervating the legs and other parts of the body The 
eves (Fig. 365) resemble those of annelids. } 

Reproductive System. The sexes are separate and the reproduc¬ 
tive organs are ciliated as in annelids: The gonads are tubular and pair¬ 
ed, opening with a single ape. ture. The male generative organs consist 
ot paired testes, each with a narrow vas eflerens opening by a funnel- 
1 ,ke structure into a seminal vesicle. This is followed, on each side by 
a long narrow coiled vas deferens. The vasa deferentia from the two 
sides unite to form a common median tube, the ejaculatory duct, the pro¬ 
ximal part of which is glandular and secretes a substance forming com- 

Ce^fora duct'o t ^ ° f Sp '™ S '° forra spermatophores. 

, J *° on the ventral surface between 

the legs of the last pair or behind them. 
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Fig. 363. Nephridium of Periftotus, highly magnified (after Gaflron). 1, la *>y’ 
rinth ; 2, ciliated duct ; 3, sac ; 4, bladder ; 5, nephridiopoie. 



A » 

^64 A dissection of showing nervous system ; B. brain highly m»?' 

between lateral corJs. 
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Fig. 365. Sagittal action of the eyr of Peripolut (after Dakin). I, epidermis of the 
body ; 2. cr>sulline lens ; 3, cornea ; 4. batonnets; 5, retina : 6, optic ganglia ; 8, 
optic nerve. 


r In the fermls the ovaries arc two tubulir structures followed by ovi¬ 
ducts which join to form a common atrium (termed vagina by many) 
at the genital opening situated at the same place as in the males (Fig. 362). 
Most species of Onychophora arc viviparous, and part of each oviduct 
is modified as a uterus where the embryos develop. The uteri join to 
form the common vagina. In the oviparous forms the female pore is 
situated at the summit of a long cylindrical process, the ovipositor. 
In t some viviparous forms a placcnta likc trophoblast develops through 
which the embryo draws nourishment from the uterine wall. Inmost 
forms fertiluattoni* internal and the eggs develop within the females and 
the young are fully developed at birth. A large female may produce 
30 to 40 young ones per year. } 1 

Relationship. Ptripth, is, in some respects, connecting link bet- 
ween the Annelida and Arthropoda, but the reason for its inclusion in 
the latter phylum .s not evident from superficial examination. Perhaps 
it is to be derived from polychaete ancestors which gave up a marine 
habitat and became terrestrial. Parapodia are not present as swimming 
organs but have become modified for locomotion onUnd without havinf 
acquired the ,o.nted arthropod character. The integument is soft no 
chit,nous exoskeleton having developed, and the excretory organs tak^ the 

appendages. The presence of 

ostia of the heart, the pencardtum, the haemocoeUc body cav’iand the 
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reduced coelom are further important characters linking them with the 
Arthropoda. 

CLASS CRUSTACEA 

Definition. Mainly aquatic Arthropoda breathing by general 
surface of the body or gills ; the exoskeleton is frequently massive ; there 
are two piirs of antennae and three pairs of head appendages act as jaws; 
some of the anterior thoracic appendages may also serve as mouth 
parts. 

General Characters. The Crustacea (L. crusia , a hard shell) inclu¬ 
des the prawns, crayfishes, lobsters, shrimps, water-fleas, barnacles, crabs 
and their relatives. Most of them are marine, but manv others live in inland 
waters, and a few, like the snow-bugs, are found in moist places in land. 
Some, like the barnacles, are sessile or parasitic, and there arc still others 
th it arc commensal or parasitic on various acquatic animals from hydroids 
to whales. In response to parasitic life some are so much modified that 
it bicomesdifficult to recognize them as adults. The majority arc free- 
living and some arc gregarious. The first five segments are fused to 
form the head, while the others usually form the thorax and the abdomen. 
Ma ny or fewer of the thoracic segments many fuse with the head to form 
a c:phalothorax. The head bears two piirs of antennae, one pair ot 
lat.-nl mandibles, for chewing, two pairs of maxillae, a median eye which 
frequently disappears in the adult, and a pair of compound eyes which arc 
sometimes elevated on jointed stalks. The thorax consists of two to 
six segments distinct or variously fused. The abdomen is segmented and 
often bears limb-like appendages with a tclson at the end. Often a carapace 
is present over the head and part of thorax, as a dorsal shield or as two 
lateral valves. Appendages arc variously modified, to subserve such 
diverse functions as locomotion, respiration, food collection etc. W ith 
the exception of the antcnnulcs the appendages are typically biramous, 
consisting of a stem or protopoditc bearing two branches the endopodite 
and exopodite. Respiration takes place by the gills, rarely the body 
surface is also use ! for the purpose. The cxcrctoiv organs arc peculiarly 
modified coelomoducts, which may take the form of either shell-glands 
opening on the second maxillae or of green (antennarv) glands opening on 
the antennae. Sexes arc separate (except in Cirripedia and some parasitic 
Isopoda) ; openings of the generative organs arc paired ; eggs arc often 
carried bv the female. Parthenogenesis also occurs in some (Branchio- 
poda and Cladocera). 

Prawns, lobsters and crayfishes are mostly swimmers, although they 
Ivlone to the order Dccapoda, which owes its name to the fact that the 

hinder five pairs of thoracic limbs in these animals arc typical walking leg-- 
The true crabs on the other hand are real walkers although some po,fes. 
flattened legs with which they can swim. The hcrmitcrabs and cocoa- 

crabs, which also belong here, are forms intermediate between 
prawns, lobsters, crayfishes and the true crabs. 
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The prawn Palaemon is found all over India inhabiting freshwater 
streams, rivers, lakes and ponds, etc. The large river prawns found 
everywhere within the tropics belong to the genus Pclatmrm. Several 
species of the genus are found outside India also. The sire is variable. 
Some arc reported to be as long as three feet from the tip of the telson to 
the tip of the extended legs. The large species arc found in the south as 
well as in Bengal. Those found in Madhya Pradesh and Uttar Pradesh 
arc generally ten to fifteen inches in length, rarely longer. These animals 
prefer slow-moving and clean water and arc more at home at the bottom. 
At night they make excursions in search of food and arc often noticed 
among weeds in the crevices on the banks. They feed upon algae, moss 
and other weeds and also upon some insects. Debris from the bottom 
of the water is also swallowed with food. Fresh animals are palc-vfcllow 
or white in colour, but the colour of different species is variable. In some 
the body is pile blue or greenish with brown or orange-red with 
patches and bands of different patterns. 


Form of the Body. The body is elongated and divisible into two- 
rmm reg.ons, the cephalo.horax and abdomen. The cephalothorax 
■s * rigid region formed by the fusion of the first thirteen segments of the 
body It ,s. more or less, uniformly cylindrical in shape and unseg! 
mented externally. The segmentation of the region is indicated by the prl 

^f appendages on the ventral side. In some 
{A,bcuA the head and thorax reg.ons are externally demarcated by the 
cervical groove, but the same is not present in the Drawn Th» oi } h 
has preserved its original segment*,^ and con^To f * movafe" 
ments and a terminal conical structure, the telson cr tail plate T& 
abdomen ,s rounded dorsally and flattened laterally and its hfndcr end it 
sometimes flexed mwards. The jointed-appendage are articulated xo Z 
ventro-lateral margins of the body (Fig. 5661 Cd to Ihc 
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pleuron. The arthrodial membranes between the tcrga arc known as 
the intertcrgal, whereas those between the sterna are known as the 
intersternal membranes. 


The joints between the adjacent abdominal segments arc of the 
peg - and-socket type, a rounded peg fitting into a corresponding socket 
on the next segment. Such a joint allows the movement of one segment 
upon the other in a vertical plane. Besides this, each segment articulates 
with its adjacent segment by means of a pair of hinge-joints, one on 
each side. When extended all the segments of the abdomen lie in line 
with the cephalothorax, but it bends downwards when flexed. 


All the abdominal segments arc alike and agree with the plan of 
structure detailed above which is especially applicable to that of thiid 
segment. They, however, differ from each other in minor details. The 
pleura of the second segment arc larger and overlap the pleura of both the 
first and third segments. The posterior half of the intertcrgal membrane 
connecting the cephalothorax with the tergum of the first abdominal seg¬ 
ment is calcified and rigid. The hinge joints between the third and 
fourth abdominal segments arc absent. The pleura of the sixth segment 
are very small, each being triangular in shape, ending in a backwardly 
directed sharp point. The tclson constitutes the last abdominal region. 
It is horizontally flattened structure attached by its base to the sixth 
abdominal segment. Its tip is sharply pointed and bears two spines an I 
a number of setae (Fig. )66). 


r The sclcritcs of the cephalothoracic region have all fused together 
to form a dorsal shield. The dorsal shield is formed by the fusion of 
the dorsal plate, forming the exoskclcton of the head region and 
the carapace, the exoskclcton of the thoracic region. Between the 
dorsal plate and the carapace there is a cervical groove present in some 
( Astacus ), but in Palarmon it is a continuous compound structure. The 
dorsal shield is further modified to form a branchial chamber on 
each side of the body to house the gills. From the dorso lateral margin 
of the dorsal shield projects, on each side, an extensive complex plate, 
the branchiostegite or gill-cover, which encloses the cavity of the 
branchial chamber between -it and the lateral wall proper of thorax. 
Extending forward from the anterior end of the dorsal shield is 
an elongated and a laterally compressed median outgrowth, the 
rostrum (Fig. 366), the upper and lower ends of which are serrated 
and beset with setae. About the middle of its length it is slightly bent 
and is turned upwards. Situated at the base of the rostrum are the 
paired eyes mounted on movable sulks, lodged in the orbital notches, 
on the anterior margins of the dorsal plate. Projecting forwards from the 
surface of the dorsal plate, just behind each eve sulk, there is a short 
spine known as the antennal spine. A similar though shorter spine, 
the hepauc spme, ,s Mjuated a little posterior to the antennal spine. 
The sterna of the cephalothoraac segments have also fused toeether to 
form the floor of the cephalothoracic box. The sternal plates are broad and 
well-developed posteriorly, but anteriorly they remain narrow. 
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Apertures. On the surface of the body of the prawn two median 
and three paired apertures can be easily seen. The mouth is a slit-like 
median aperture on the ventral surface, bounded in front by a fleshy pro- 
t oberance, the labrum, more or less, quadrangular in shape; posteriorly 
by a thin, bilobcd lower lip or mctastcma and on the sides by the man¬ 
dibles. Among the paired apertures, the renal apertures are minute open¬ 
ings, each of v hich is situated on a raised papilla on the inner surface of the 
antenna. The male genital apertures are situated on papillae on the 
inner surfaces of the bases of the last pair of walking legs. The female 
genital apertures are similarly placed on the inner side of the bases of 
the third pair of walking legs' The third pair of apertures arc the minute 
openings of the statocvsts, each of which lies hidden beneath a small 
fold of integument in a deep depression on the basal segment of 
each aniennule. The anus, another median opening, is situated on the 
ventral surface of the telson, close to its anterior border. It is a longi¬ 
tudinal slit with tumid lips surmounting a small elevation. 




B 


£NDOPOO!TB 


appendix 

MASCUUNA 


APPENDIX 
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BASIS 


COXA 
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Fig. 368. A, the first, and P, the third abdominal appendage* of the prawn, 
the second abdominal appendage of the male prawn. 

Annendages. The appendages of the prawn, as also those ot 
other C rustacea, arc derived from the biramous type. I he 
limb consists of two "rami” or branches which arise from a basal p 
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Fig. 369. Uropod of the right side of Poloimoi. 

tion articulating with the body. The name protopodite has been given 
to the basal portion, whereas the rami arc called the endopodite (inner 
ramous) nearer the median line and the exopoditc (outer ramous). 
The protopodite consists of two podomercs or joints, the coxopodite 
(proximal) and the basipoditc (distal). From the protopodite also arises 
a thin-walled extension of the integument, the epipodite (probably 
having respiratory function). The fundamental type of appendage 
undergoes various modifications in accordance with the purposes it 
fulfils in the life of the animal. 

The prawn has nineteen pairs of appendages of which there arc five 
piirs of head appendages, eight pairs of thoracic appendages and six pairs 
of abdominal appendages. The least modified ones are those of the 
abdomen and arc known as the pleopods or swimmerets. 

In a typical swimmeret (the third abdominal appendage) the basal 
piece or protopodite consists of two podomeres, a short ring-like 
segment devoid of setae known as the coxa and the basis which is. 
cylindrical, bears setae on its surface and carries two rami (the exopo¬ 
ditc and the endopodite) of the limb. The exopodite is a leaf-like 
structure having thickly set marginal setae and is larger of the two. 
The endopodite is also a leaf-like structure and gives off a special 
process the appendix interna, which is a short, slender and slightly 
curved rod closely applied against the inner margin of the endopo¬ 
dite. In the first abdominal appendage the endopodite is reduced and 
the appendix interna is absent. The second abdominal appendage 
in the mile prawn has an additional rod-shaped process the 
appendix masculina arising from the base of the appendix interna 
(Fig. 368C) and lying on its inner side. It is covered over with long 
thorn-like setae. All the abdominal appendages are like the one described 
above only the sixth differs. They are called the uropods and form broad 
Hat plates lying one on each side of the telson. The protopodite is re¬ 
presented by one triangular piece formed by the fusion of the coxa and 
basis and is often termed a sympod (Fig. 369). The endopodite is an oval 
and oar-shaped plate whose margin is fringed with setae. The exopodite 
.is a similar plate but is larger than the endopodite and is divided into 
two unequal parts by a transverse suture. Besides this the outer border 
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of the exopoditc is devoid of setae. The uropods along with the tclson 
form a fan-shaped structure called the tail-fin which helps the animal in 
locomotion (Fig. 366). 


In the female prawn the second, third, fourth and fifth abdominal 
appendages serve to carry eggs in the breeding season. The appendix 
interna of each of these appendages becomes interlocked with its fellow 
of the opposite side, thus forming a series of bridges on the ventral side 
of the abdomen which support the eggs. 


Cephalic Appendages. The head of the prawn is fused with the 
thorax, but its component segmeets have been determined ftom careful 
studies of embryology of appendages and other stuctures, especially the 
nervous system. As in all arthropods, there are six sigments of the 
head. On the first there is a pair of compound eye set on the ends of 
joined movcble stalk. These arc not serially homologous with the 
other appendages, since they arise in a different way. The remaining 
five segments bear five pairs of appendages comprising the antcnules 
antennae mandibles, maxillulac and maxillae (Fig. 366, 370). The 
second segment bears antcnnvlcs, sensory structures which have two 
filaments. The antcnnules are pre-oral appendages situated at the anterior 
end of the body immediately below tbe bases of the eve-stalks. The pro- 

topoditc consists of three podomerc (not two; called prccoxa, coxa 
and basis. Th: basis (proximal) podomerc, precoxa, is very large, 
hollowed out d jrsally. The cavity of the prccoxa lodges the statocyst, 
whose opening is situated near its proximal end. From the outer margin 
of prccoxa arises a spiny lode the styloccritc. The coxa, the middle po¬ 
domerc, is short and cylindrical beset with setae on its inner margin. 
The basis or the distal podomerc is longer than the second and bears 
two flagelliform, many joinren feelers. F.ach feeler show a swelling at 
its origin then become slender. Of these the outer feelers is divided into 
two unequal branches. While antcnnules themselves arc sarriallv 
homologous with the rest of the appendages, their two feelers arc not. 
It is wrong to regard the two feelers as the two rami of the biramous 
limb. Earlv developmental studies have shown that the antcnnules 
remain single until long after the other app.-ndages have become two 
branched (biramous); and even when the larva emerges from the egg. inc 
inner feeler is represented by only a small bud from the base of wn 
finally becomes the outer feeler. Thus, the two feelers do not corres¬ 
pond with the endopodite and exopoditc of a typical limb, but, pern p•, 
they represent only the endopodite subdivided. 


The antennae, located on the third sepment are also pte-oral appen¬ 
dages each with one long feeler, situated homed,ately bc'ow a'.d hchmd 

,he antcnnulc. The protopod,te has typ.eally H^he *eretorv 

and the basis. Pad, one is swoollcn at the base as it lodges the cxcrct >r 

organs within. The coxa is small in siae and bean «h<-, renal ap 

its inner margin. The basis hears two ram,, a long 7 "™ ,?J fcc | cr> 

feeler and a broad leaf-like process, the squama. Of these the 
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Fig. 370. A, aniennule (left) ; B. vemral view of left antenna ; C, the mandible- 
of the prawn. 

which corresponds to the endopoditc, consists of three large podomcres 
and a very large number of short joint-lets (Fig. 370B). The lcaf-like 
squama (exopoditc) that acts as a balancer in swimming, is fringed with 
setae along its inner border. Its outer border is smooth terminating 
in a small spine in front. 

The fourth head segment bears toothed jaws or mandibles that are 
short, stout masticatory appendages post-oral in position, lying one on 
each side of the mouth. The protopodite has a massive coxa which is 
densely calcified forming powerful jaws (Fig. 370C). Proximal portion of 
the coxa is spoon-shaped, and called apophysis. The solid distal portion 
of the coxa is called the head and comprises two portions : a stout process 
the molar process, bearing six dental plates at its end and lying at right 
angles to the apophysis; and a flat plate-like incisor process terminating 
m three closely set teeth. Each mandible bears a three-jointed mandi¬ 
bular palp that arises from the outer border of the head. The basal 
segment of the palp represents the basis of the protopodite, the outer 
two segments represent the endopodite and the exopodite is absent.. 
On the fifth and sixth segments are the maxiUuIae and the maxillae, 
which pass food on to the mouth. The maxillulac are delicate 
flattened structures, each made up of three podemeres, and lie close 
behind the labium or lower lip. The protopodite is represented by 
two larger plates coxa and basis, projecting inwards as jaws or gna- 
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Fig. 371 . Poloemon, appendages. A, cnaxillula ; B, maxilla. 

thobascs which arc covered with stiff spines. The endopodite forms 
distally a curved bifurcated process arising from the outer side of 
the basis. The exopoditc is absent. The maxillae arc larger than 
the mtxillulae though still flattened and delicate. The inwardly directed 
protopodite consits of two lobes, coxa and basis, each again being sub¬ 
divided into two. The basis is larger, projects inwards as forked gna- 
t'nobise having stiff pointed setae at its inner end. The endopodite is 
represented by a narrow forwardly directed process. The exopoditc is 
a large plate-like structure, the scaphognathite, bearing setae all along 
its border. It participates in breathing mechanism, serving as a ‘bailer’ 
for driving water out of the respirator)* cavity. 

Thoracic Appendages. The thorax has a pair of appendages on each 
The first three bear the fiist, second and third maxillipc- 
somewhat sensory but serve chiefly to handle food, mincing 
to the mouth, hence they are known as foot 

‘ i some ways. It is 

• ____ :. The protopodite con¬ 

sists of coxa and basis which project inward and act as gnathobases. On 

.:c structure, the cpipodite, 

_is small, while the 

i along the proximal half of its 
a protopodite of two podomcrcs 
panded. The coxa is short, covered with 
' ' ‘ short and is joined with the endo- 

the ischium, mcrus, carpus, 
podus and the dactvlus are bent 
inwa r7s7nd teckTaVd’sVo as to \\c almost parallel to the main axis Their 
outer edges are beset with tough setae as such they torm rndoDodite. 
The exopoditc is long, slender and unjointed bent over th P 

The third maxillipedc is the largest of the senes and ts shaped much like 


segment, 
des, which are 

it first and then passing it on 
jaws. The first maxillipedc resembles the maxillajn 
a flattened foliaceous structure but more robust. 

va _ _ ^ 

its outer side the coxa bears a bilobed platc-lik: 
subserving a respiratory function. The endopodite 
exopoditc is a large plate-like expansion s 
length. The second maxillipedc has r 
which arc not flattened and ex[ 
setae on its inner border. The basis is 
podite, which consists of five podomeres, 
propodus and dactylus (Fig.372). The pro] 
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Fig. 372. Polaimon appendages. A, first maxillipede ; B, second maxillipede ; 
C, third maxillipede. 

the second, only the cndopodite is still larger and cxopoditc smaller, 
giving it a distinctly leg-like appearance (Fig. 372C). 

Peracopods. The next five pairs of the thoracic legs are the 
pcraeopods or walking legs. They do not have exopodites and epipo- 
dites, and the podomcrcs are arranged along a single axis representing 
only the protopodite and endopoditc. A typical peraeopod has seven 
podomcrcs in all. The protopoaite is made up of a coxa, short and ring- 
shaped, and a triangular basis with which articulate five podomeres of 
the cndopodite. These are, as in the maxillipede, the ischium, merus, 
carpus, propodus and dactylus. Each podomere is elongated and cylin¬ 
drical in shape and the terminal podomere, the dactylus, is clawed. They 
articulate with one another by means of hinge-joints. The bend between 
the merus and carpus is called knee. The fourth pair of walking legs 
conforms to this description (Fig. 573). 

The first and second pairs of walking legs, on the other hand, bear 
chelae or pincers for seizing objects and hence are known as the chelipeds 
or chelate legs (also known as the pinching legs or pincer claws* etc.). 
Each chelate leg consists of protopodite (two podomeres) and endopo- 
dite (five podomeres), the last two podomeres of which are modified to 
act as pincers. The propodus becomes enormously enlarged and the 
dactylus becomes freely movable. The two biting edges of the chela 
are furnished with a number of teeth, while their whole surface is beset 
with setae. The second pair of chelate legs is considerably larger. The 
ischium bears a deep • oblique groove on its anterior surface. This is 
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The study of the appendages has been emphasised for a number of 
reasons. They furnish a striking example of specialization among ap¬ 
pendages of different segments. While the flattened biramous swim- 
mcrets arc not very different from the appendages of the hypothetical 
ancestral arthropod on the same animal arc found such specialized ap¬ 
pendages as the jaws, which have a counterpart even in the most advanced 
insects. The ontogency, on the other hand, reveals how a series of ori¬ 
ginally similar parts can become gradually differentiated into highly 
specialized and dissimilar structures which, though no longer analogous, 
arc still homologous. 
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Fig. 374 . Tranjvcne section of the integument of Pdamon 
Body Wall. The covering cuticle of the body wall has become 
transformed into the exoskcleton which is thick and rigid at some 
places (e. j. dorsal shield, etc.) and thin and membranous at others 
(arthrodiai membranes), cuticle is composed of two layers • (i) an 
outer epicuticle, and (/,) an inner chitinous layer. The epicuticle 
15 a >’ ello « hyaline layer, whereas the chitinous layer is com- 
posed of several layers thick chuin, an amino-polysaccharide which 
resists most solvent reagents. The cuticle is followed by a single 
ayer oft.il columnar cells, the epidermis, which secretes the cuticle 
and rests upon a basal membrane. Finally there is an underlying 
layer of connect, ve tissue which supports the body muscles. Wkh"n 

cell T , C , UyC . r ? elf " C found <*»ters of secreting 
cells, the tegumental cuticular glands. From the crUnA “?£ 

'iSSCti-iA.rS exterior ^The 

Musculature. The bulk of the bodv of L • . 

of muscles that form a good article of food Th? 1 ^ m , ainl >; 

22£VX2zz! , -jrri' **"■*-■ •F'-SL’^Si 
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digestive tube and blood vessels, which undergo slow rhythmic contrac¬ 
tions. There are two sets of muscles in the body of the prawn : the 
appendicular muscles that are segmentally arranged and are used in 
moving the appendages ; and abdominal muscles for the straightening 
and flexure of the abdomen. The muscles are arranged in opposing series. 
By the contraction of one set the limb is flexed and such muscles arc 
called flexors. The contraction of the opposing set straightens the 
limb so that it returns to its original position. Such muscles arc termed 
extensors. In the abdomen too the flexor and extensor muscles are 
found. In the terminal sclcrites of a chelate limb, the flexor 
muscles become adductors, closing the pincers, and the extensors, abdu- 
tors. In the many jointed limbs it is noteworthy that the muscles which 
move one sclerite of a limb lie within the sclcrite proximal to it. In many 
cases the articulation between the sclwrites is such as to permit move¬ 
ment in one plane only, acting like a hinge ; but where the limb is made 
up of several sclcrites, the plane of possible movement of the different 
sclcrites is not always the same and the limb as a whole can perform com¬ 
plicated actions in several directions. 


The extensors of the abdominal muscles include a pair of dorsal ex¬ 
tensors lying in the mid-dorsal line; four pairs of intcrtcrgal abdominal 
muscles^ connecting the side walls of two adjacent abdominal terga ; 
a pair of inter-tergal muscles between the abdomen and thorax, connect¬ 
ing the thorax with the first abdominal segment ; and two pairs the of 
extensors of the telson, a pair on each side, tor straightening it. 


The flexors of the abdominal muscles include the following six sets: 
five pairs of the main flexors, one pair in each of the first five abdo¬ 
minal segments (absent in the sixth segment) ; four pairs of accessory 
flexor muscles in the first four abdominal segments (absent in the last 
two) • a pair of the flexors between the thorax and first abdominal seg¬ 
ment ; two pairs of the lateral thoraco-abdominal muscles ; two 
pairs of the flexor muscles of the telson; and a pair of ventral superficial 
flexor muscles lying in each of the interstcrnal places, one on each 
side of the mid-ventral line. 

AU the appendages have their own set of muscles the size of which 
is correlated with the amount of work the muscle is called upon to perform. 
Thus «hc antennary and mandibular muscles, 'h' -uscles o thc s^ond 
chelate Ices and of the uropod? are large and powerfu , while those of the 
oleopods^the maxillae, the maxillulac and the maxillipedcs arc relativ J 
weaker, ’in each podomcre there arc typically four muscles two exten- 
sors and two flexors. 

Endophragmal Skeleton. In the thorax and abdomen * 
of ingrowths of the exoskcleton are formed to provide attachments fo 
powerful muscles of the regions. These ingrowths are known as the 
apodemes and in the prawn they are present only «pha‘ 

where they are connected together to form a regular framework # 
known as the endophragmal skeleton (Fig. 375 >- This 
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Fig. 375. Dorsal view ol the sterna and endophragmal skeleton. 1—4, sockets 
into which appendages are inserted ; 5—13 (on the sternum) sterna of*-the cephalo¬ 
thoracic segments ; 10—13 (on the right) epimera of segments 10 to 13. 

series of ingrowths from the lateral walls, the endoplcuritcs, and up¬ 
growths from the sterna, the endostemite. For the attachment of the 
appendicular muscles a rigid vertical double wall is formed lying between 
the bases of two consecutive appendages. Elements from two different 
segments take part in its formation: an endopleurite posterior, a projec¬ 
tion from the anterolateral end of the epimeron belonging to one 
segment meets a similar projection the endostemite posterior from 
the sternal clement of the same segment. To this is attached another 
bar formed by the endopleurite anterior, from the postero-latcral end 
of the epimeron belonging to the preceding segment with a similar pro¬ 
jection, the endostemite anterior, from tne sternal element of this very 
segment. From the inner ends of the adjacent endosternites of an 
apodeme a vertical plate projects upwards and forks at its free end to 
form a Y-shaped structure for the attachment of the flexor muscles of the 
abdomen. A typical apodeme with complete number of endopleuritcs 
en ^° s ' er " 1 ' es »»d Y-sh*ped structures occurs only between eleventh and 
and twelfth and thirteenth segments. In other segments the apodeme is 
incomplete; between the last thoracic and the first abdominal segment the 
endostemite is single and complete Y-shaped outgrowth is lacking ; while 
* n ° r S 'S“ 'h' Y-shaped outgrowths become kss and 
less prominent. In the mandibular region there is an H-shaped structure 
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Fig 376. Paloemon, structure of gill chamber. 

Depending upon their position and relation to the thoracic appendages 
there arc three kinds of gills. The podobranch is the gill attached to 
the basal podomerc or coxopodite of an appendage ; the arthrobranch is 
the gill attached to the arthrodial membrane between the body (thorax) 
and the appendages ; and the plcurobranch is the gill attached to the lateral 
wall of the segment to which the appendage belongs. Originally the 
gills were outgrowth? of the basal podomcres (precoxa and coxa) of 
the appendages. A? the animal evolved, to provide more efficiency, the 
precoxa became absorbed into the flank of the body with the result that 
the gills originally attached to the podomerc became attached cither to 
the side of the thorax (plcuro-branchs) or to the arthrodial membrane 
between the bodv and the limb (arthrobranch). Only podobranchs have 
retained their original position. With the improved respiratory mechanism 
the branchiostegitcs extended over the gills and formed the gill chamber. 

The arrangement of the gills with respect to the thoraci 
follows : The first maxillipcde bears only a bilobed cpipoditc 
side of its coxa and no gill. The second maxillipede bears a 


c limbs is as 
on the outer 
podobranch 
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the cephalic apodeme, for the insertion of the muscles of the branch- 
iostegites, small gastric muscles and the muscles of the mandibles. 

Respiratory System. The prawn breathes with the help of gills or 
branchiae lodged in the gill chamber, each of which is enclosed between 
the branchiostegitc externally and the wall of the thorax internally. Inner 
lining of the carapace and three pairs of the epipodites also aid respira¬ 
tion. There are eight pairs of gills but only seven are visible because one 
lies hidden beneath the dorsal part of the second gill. 
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Tig. 377. A, phyjlobranch of Polomon ; B, trichobrancb of Ajlaeus • C 

hrln b r c n 0f w-' ,<!m 3 ,er C ? loa ;). uppe ; i fi 8 uj a * h °w a°« jeetioni of gills shown 
below. D, oblique cross section of ihe g.U of Polatmen (after PatwanJban); 0Wn 

as well as a small leaf-like epipodite on its coxa. The third nmillipede 
bears two arthrobranchs and a small epipodite on its coxa Th/fi™ 
walking legs bear pleurobranchs borne on the lateral wall of'the thorax 
Thus there are three pairs of epipodi.es (on the toe^SuM^S 
pair of podebranch (on and maxilhpede), two arthrobranchs (on »d 

0fpleUr0branChs (°“ fi --‘^n g legs)!ele^n 
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The gills in the prawn are of the type describable as the phyllobranch 
( Fi g- 377 ), that is, the gill filaments are thin and plate-like, often called gill- 
plates, and are arranged in two rows on a narrow axis, the base, like 

leaves of a book. Each gill, therefore, 

• consists of a long narrow base which 
bears two rows of rhomboidal gill- 
plates which lie at right angles to the 
long axis. There is a deep groove 
between the two rows of the gill-plates. 
The groove opens in the gill-chamber 
at both the dorsal and ventral ends of 
the gill. The gill-plates are larger in 
the middle and become smaller in size 
towards the two ends. In the crayfish 
Astams the gills are of the tricho- 
branch type. In this the gill filaments 
project round a central axis like the 
bristles of a bottle brush. Besides 
these there arc several other types of 
gills, cither intermediate in form bet- 

_ ween the above two or derived from 

I I* I any of them. A third type, called the 

U 11 dendrobranch, for instance, is a modi¬ 

fication of the phvllobranch in which 
the gill-plates are further broken up 
into smaller filaments (« t . f. in Pendens). 
No two types of gills arc found toge¬ 
ther in the same animal. 








B 


Fig. 378. Blood channels in a gill 
(a'tcr l’atwardhan). A. transverse 
section ; B, ventral view. 1, median 
longitudinal channel ; 2, margiral 
channels; 3, lateral longitudinal 
channel ; 4, transverse connective - 
in A and connection with efferent 
branchial channel in B ; 5, connec¬ 
tion with afferent brauchial channel. 

made up of a double layer 


Histological examination of the 
gill reveals that each gill-plate is 

.. __ of cuticle enclosing a single layer of 

cells within. There are two types of cells in this layer ; th.* pigmented 
cells that alternate with the transparent cells. The axis or base is 

more or less triangular in cross-section and comprises a central core ot 

connective tissue, surrounded bv a layer of epidermis, itself bounded ex¬ 
ternally by a thin layer of cuticle. Within the axis run three longitudina 

canals two lateral longitudinal channels and one median longitudinal 
channel (Fig. 37*)- Throughout their course the lateral longitudinal 
channels are connected by several smiU transverse connectives making it 
ladder-like in appearance. The transverse connective lying immediate!) 
against the root of the gill is larger and receives blood for aeration from 
the afferent branchial channel from the body. The lateral channc s arc 
also connected with the median channel through marginal channels, 
that arise from the lateral channels at the bases of thcgill-platcs, run along 
their margin and open into the median channel. The blood that enters t c , 
transverse connective through afferent branchial blood vessel passes o 
the median channel through the lateral and marginal channels of the gi ? . 
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plates. The gaseous interchange between the blood and the water takes 
place by diffusion during the circulation of the blood thro ^f h ^ hc ^: 
meats. The aerated blood is returned by the efferent branchial channel 
to the pericardial sinus and the heart. 

To ensure proper respiration a regular supply of oxygenated water 
is to be maintained. Thus a continuous current is set in and maintained by 
the incessant paddle-like movement of the scaphognathites of the maxillae. 
The movements of the scaphognathite create a suction force that draws 
in water, which enters the chamber along the posterior and ventral mar¬ 
gins of the branchiostegite, passes over the gills, and thence is expelled 
from the front end beneath the head. The epipoditesof the maxillipedcs 
supplement the vibratory movements of the scaphognathite. Thus, the 
gill chamber is constantly supplied with a current of fresh water. In small 
crustaceans like Cyclops and Dapbnia respiration takes place through 
the entire surface of the body, but in the prawn it has become restricted 
to a particular region of the body, the gill chamber, and other structures 
associated with it have become especially modified to ensure the efficient 
performance of the respiratory activities. 


Digestive System. The alimentary canal of the prawn (as in all coclo- 
mates) consists of three parrs: the stomodaeum or the forc-gut.leading 
from the mouth, the mesenteron or the mid-gut in the middle having 
cndodcrmal lining; and the proctodacum or hind-gut opening out at the 
anus. The stomodaeum begins at the mouth, which is a large elliptical 
aperture on the ventral side of the head region bounded in front by the 
labrum on the sides by the incisor processes of the mandibles and behind 
by the labium which is deeply cleft in the middle forming two flattened 
plate-like lobes, the paragnatha. The mouth leads into the buccal cavity 
which is a short, antcro-postcriorly compressed tube with thick chitinous 
lining thrown into irregular folds. The molar processes of the mandibles 
form the sides of this cavity and crush the food within. The buccal cavity 
leads into the oesophagus (Fig. 379). 

The oesophagus is a short though stout tube running upwards from 
the buccal cavity. The inner wall of the oesophagus is thrown into four 
prominent longitudinal folds of which the anterior one is short, and the 
lateral and posterior folds are longer and more prominent. The internal 
cuticle is covered with a large number of small bristles. The opening of 
the oesophagus in the stomach is guarded by valve-like structures formed 
by prominent projections of the upper ends of the posterior and lateral 
folds. The anterior wall of the opening of the oesophagi s is covered by 
a thin circular cuticular plate. The musculature of the walls of the 
oesophagus is well developed and its inner lining resembles the outer 
integument in structure, save for the fact that here epithelial cells arc 
much more elongated and the tegumental glands are more numerous. 

The oesophagus opens into the stomach, a spacious chamber occupy- 
' iag the greater part of the cephalothorax (Fig. 379). It is divided into 
■*’ two parts a large bag-like cardiac stomach in front and a much smaller 
v pyIoric stomach behind. Between the cardiac and pyloric stomach 
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Fig. 379. Pal a won. Longitudinal section of t u e body. 


there arc nnny valves. Internally the c'nitinous lining is thick, produced 
into a very large number of low longitudinal folds and covered over by a 
a velvety growth of small bristles. The cardiac stomach present irre¬ 
gularly thickened cuticular lining. At certain places the thickening is 
more and the cuticle even becomes calcified and at others it is soft. This 
irregular thickening of the cuticle results in the formation of certain plate- 
like structures or ridges. On the anterior part of the roof of the cardiac 
stomich. just behind the opening of the oesophagus, there is a circular cuti¬ 
cular plate known as the lanceolate plate. The floor cf the cardiac 
stomach presents a large triangular cuticular plate, the hastate plate (so 
called due to its resemblance with a head of a spear). Its upper part is 
covered with a thick growth of delicate setae. Posteriorly it forms a 
small triangular depression l»csct with setae, acting as the anterior valve 
of the cardio-pyloric aperture. The central portion of the plate is softer. 
From below, the sides of the hastate plate arc supported by a pair of cuti¬ 
cular supporting rods. Running parallel to the lateral borders of the 
hastate plates arc long cuticular ridges, the lateral grooves, which to¬ 
wards their inner sides are fringed with equally spaced setae forming comb- 
like structure, the combed plate, covering the groove and overlapping the 
outer margin of the hastate plate, 'flic fine bristles of the comb keep mov¬ 
ing to and fro over the outer margin of the hastate plate. The floor of the 
lateral groove is like an open drain-pipe and is called the groove plate. 
The lateral longitudinal folds are two prominent longitudinal folds 
of deep blue colour in life) situated on either side of the, comb-plates 
(Fig. 581). They are highest towards the posterior side and low in front. 
Thev guide the contents of the cardiac stomach towards the cardio- 
pyloric aperture, that is why sometimes they arc referred to as the 
“guiding ridges.” 
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A B 

Fig 380 . A, vertical longitudinal section of the fore gut; B, transverse section 
of the pyloric stomach. 1 , circular cuticular plate ; 2, labrura ; 3, incisor process ; 
4 , labium ; 5, posterior fold ; 6 , longitudinal loids of wall of cardiac stomach ; 7 , 
hastate plue ; 8, combed plate ; 9, pyloric stomach; 10. dorsal chamber below which 
lies pyloric filler plate ; 11, cardiac stomach ; 12. raid^ut ; 13. opening of the hepa¬ 
topancreatic duct ; 14, 6lter plate ; 15, dorsal chamber in cross-section ; 16, lateral 
fold pressing against pyloric filter; 17, ventral chamber (highly magnified, after 
Patwardhan). 

In some other Dccapoda the chitinous lining is thick and specially 
hardened to form a complex mechanism of “ossicles” supporting three 
large and highly calcified teeth. This mechanism, called the gastric mill, 
is absent in the prawn in which the food is crushed by the molar processes 
of the mandibles. 

The inner cuticle of the stomach is thickened in such a way that it 
breaks the food and filters it. Thccardio-pyloric aperture is guarded ante¬ 
riorly bv an anterior valve formed by the posterior triangular area of the 
hastate plate, posteriorly by a posterior valve which is just a semi-lunar 
fold of the posterior wall of the cardiac stomach, whereas, on the sides arc 
situated large flap-like lateral valves. Due to these valves and folds the 
opening appears X-shaped. It is narrow and becomes sieve-like because of 
the presence of numerous setae on the folds. The side walls of the pyloric 
stomach form very prominent lateral folds that come close to each other 
caving only a slit-like aperture in between. These folds divide the cavity of 
fhc stomach imperfectly into two chambers, the dorsal and ventral cham- 
ers. The floor of the ventral chamber has a pair of cuticular plates of 
rectangular outline. The side walls of the ventral chamber, as well as the 
surface of the two plates, all arc covered with closely set bristles which 
orm an efficient filter or strainer which prevents the passage of insuffi- 
cienUy crushed food into the mesentcron. The dorsal chamber leads 
enind into the narrow mid-gut, so that the ventral chamber lies at a 
ower level than that of the opening into the midgut. The openings of 
, e hepatopancreatic ducts are situated below the junction of the dorsal 
camber and the mesentcron immediately behind the filtering apparatus, 
e openings of these ducts are guarded by posteriorly directed elongat- 
setae arising from the posterior end of the median ridge of the pyloric 
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Fig. 381. Inner view of cardiac stomach of Polotmon careinus (after Pat ward han^. 


filtcr-platc ; a thickened and calcified area of the lining cuticle. The setae 
act as valves and prevent regurgitation of food. Before the dorsal cham¬ 
ber becomes continuous with the mid-gut it gives off a short caecum. 
The mid-gut or mesenteron is a very slender tube which follows the 
stomach and is without chitinous lining. It is the longest portion of the 
alimentary canal. It ascends gradually between the two lobes of the 
ncpaiopancrcas and continues backwards along the median line up to the 
sixth abdominal segment. At its commencement there arc two openings 
of the hepatopancreatic ducts, whereas, at its end there is a club-shaped 
swelling of the hind-gut. The internal epithelial lining of the mid-gut 
consists of columnar cells with large nuclei. The cells rest on the basal 
membrane which is enclosed by the musculature consisting of a thick- 
outer layer of longitudinal muscle fibres containing a network of 
blood spaces and an inner layer (in contact with the basal membrane) of 
circular muscle fibres. The outermost layer of the wall of the mid-gut 
consists of connective tissue. The epithelial lining is thrown into 
longitudinal folds reducing the lumen. 


The hind-gut is the shortest portion of the gut beginning where the 
mid-gut ends and ending at the anus. Anteriorly if is swollen and 
forms a .hick muscular sac which gradually narrows down and becomes 
tubular The innermost lining is cuticular in nature. Next to this 1 
an epithelial C |avcr consisting of columnar cells. In the h,nd-gu, .he 
usual P musde layers arc thin but there is an additional thick later of long- 
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ltudinal muscle fibres between the basement membrane and the circular 
layer of muscle fibres. The outer wall consists of connective tissues. The 
inner lining is thrown into longitudinal folds which arc well developed 
anteriorly. They become smaller in the narrow tubular posterior portion 
of the hind-gut that finally opens at the anus, with a longitudinal slit-like 
sphinetcred opening situated on a raised papilla. 

The hepatopancreas is a large organ of orange-red colour in the 
living state. It occupies a major portion of the ccphalothorax and con¬ 
sists of two separate lobes. The hepatopancreas secretes digestive enzymes 
that are capable of digesting carbohydrates, proteins and fats. In fact it 
•combines within itself the functions of pancreas, liver and intestine. It 
is also called the “liver” by some authors. The hepatopancreas consists 
of numerous branching tubules closely set and firmly held by connective 
tissue. These tubules in fact arise from the hepatic caccac that arise in 
the earlier stages. The canals of these tubules unite together forming 
larger canals which ultimately fuse forming two large hepatopancreatic 
ducts that open into the pyloric stomach, one on each side, histolo¬ 
gically each tubule consists of an outer coat, the tunica propria, c onsist- 
mg ot connective tissue with a network of circular and longitudinal *muscle 
fibres. This is followed by a structureless basement membrane. Internal 
to the basement membrane lies the epithelial cell-layer consisting of tall 
cells of many varieties. Internally these cells form a distinct inner border. 
The cells of the epithelium arc of the following type : (a) the columnar or 
glandular cells containing granular cytoplasm and large rounded nuclei 
(/') I he hepatic cells are similar in shape but filled with fat-globules ; (') 
the ferment cells are irregularly distributed and arc broader than others 
(breadth slightly less than the length) ; they arc filled with granular cyto¬ 
plasm ; and ( d ) the basal or replacing cells that lie close to the basement 
membrane on the outer side of the tall cells. The physiology of the hepa- 
topancrcas of Palj»mon has not yet been worked out but as has been 
shown on other animals probably it produces digestive ferments and is 
responsible for the digestion of carbohydrates, proteins and fats. The 
secretion is poured in the pyloric stomach, whence it passes on to the 
cardiac stomach. Here it mixes with the food and dissolves it. 

Feeding. The food of the prawn consists mainly of moss, algae 
and other weeds, etc., although the animal swallows the debris of the bot- 
sai ™ S rai ™ and CVCn small insects and other small animals inhabiting 
the locality The food is transferred to the mouth by the action of gna- 
°/ maxlll, P cdcs » maxillae and maxillulae. In the buccal 
avity the food is cut into pieces by the incisor processes of the mandibles. 
A wave of contraction passing along the walls of the oesophagus trans- 
wI hC p asUcat l cd food to thc <* rdi * c stomach which itself exerts suction 
of f^d ,?m ca , rdiac stomach the liquefied food or small particles 
Si/ ~ £ conducted to the pyloric stomach by the lateral grooves. In 
“;„ d ' aC Cha 7 b "’ as L wcl1 as - ^ the pyloric chamber the food receives 

piLric stomach the f Wh ' Ch hel P in di S?“'i°n. In the 

The h h u f ,° d 15 filtered through the pyloric filtering apparatus. 

The filtrate passes back rnto the hepatopancreas which absorbs the food. 
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in this case ; the refuse of the undigested or indigestible food is passed 
to the dorsal chamber of the pdoric stomach from where it passes back 
to the mid-gut, where the remaining digestible material is absorbed and 
the residue passes out through the anus. 

Growth and Ecdysis. Like all arthropods in the prawn actual in¬ 
crease in size takes place during the period immediately following the 
sloughing off (ecdysis) of the rigid exoskeleton, and the formation of the 
new one. It must not be imagined, however, that growth only occurs 
at this time. Growth is much more than mere increase in size and will 
continue so long as the rate of absorption of “building material” is greater 
than the rate of breaking down of materials to provide energy for the vital 
activities. It is probably the condition of tension produced by the growth 
activities which induces ecdysis and it naturally occurs more frequently in 
the younger than in the older animal. 

At the time of ecdysis the deeper layers of chitin are softened or 
dissolved either by the activity of the cells that migrate from beneath the 
epidermis or by enzymes secreted by the epidermal cells, and a new thin 
layer of chitin is formed below the old one. Thus, the old cxoskelcton 
becomes loosened from the underlying new layer. 'I he new ayer ot 
chitin is quite soft and remains so until the old armour has been sloughed 
off lust at this time the new layer of chitin, unprotected by the epicuticie* 

is permeable to water which it absorbs resulting in an increase in the size 

of the animal. By the time this is done the tegumental glands become 
active and secrete the epicuticie which hardens on exposure and become, 
impermeable to water. 

Exactly how the animal gets rid off its old cxoskelcton is not known 
for Pa/aJrn. It has, however, been studied for the crayfish *nd 
arthropods. The crayfish retreats into its burrow and for a time v o cntl) , 
agitates its limbs, oft'en rubbing them together and ,erks ,«s 
apparently in an endeavour to loosen the old armour. Then bends th 
body at the junction of the cephalothorax and abdomen cn»U 5 ** 
kclcton to crack across. From this the anterior part of the body sjvitn 

swsrts. "FS F 

break off as a result of some disturbance in the process of freeing. 

Autotomy. Occasionally a limb may break off during ecdysis. • 
mentioned above, but under stress of circumstances^he bmb ^ 
deliberately This phenomenon is known as autotomy. • - (c 

. lin* E held hr„ r7 .»«.he” 

itself. The tissues between the basal joint and th \ oSS of 

the limb break ofT allowing the fracture and contract pre S 

’’’"'Blood-vascular System The blood of the: prawn .H 

which colourless leucocytes float The res P‘” ? A P 8 haemoglobin 
is haemocyanin, the base of which is copper (the base ot m b 


PHYLUM ARTHROPOD* 


479- 



Fig. 382. The heart. A, doral view ; B, ventral view ; C, lateral view, (after 
Patwardhan). I, antero-Uteral oitiura ; 2. dorsal ostium ; 3, posterior ostium ; 4, 
ventral ostium ; 5, lauro posterior oslium ; 6, opening of the sternal artery. 

is iron). When oxidized the blood is bright, blue, whereas, deoxidized 
blood is colourless. The blood-vascular system is open in the prawn 
as is the case of Arthropoda on the whole. The body cavity is a haemo- 
cocl and the blood vessels with definite walls open into it directly or 
into its extensions, the blood lacunae. 

The heart (Fig. 382) is a triangular structure with its broader base 
facing posteriorly and the apex in front, situated in the dorsal region of the 

E ostcrior part of the thorax, enclosed in a spacious pericardial sinus, just 
cncath the dorsal wall of the thorax. A horizontal pericardial septum, 
lying just above the hcpatopancreas and the reproductive organs, forms 
the floor of the sinus. A median longitudinal strand, the cardio-pyloric 
strand extending from the apex of the hem to the dorsal wall of the pyloric 
stomach, and two lateral strands, stretching from the lateral angle of the 
heart to the body wall, support the heart in the pericardium 


In the living 

prawn the heart can be seen beating regularly. The blood from the peri¬ 
cardial sinus enters the heart through five pairs of apertures or ostia that 

f ierce its muscular walls. The ostia are guarded by valves allowing the 
lood to enter in but not to come out. The first pair of ostia lies a little 
behind the middle of the ventral surface one on each side of the median 
j C scc ? n< l.P a ' r ' s situated almost opposite to the first on the ventral 
side, third pair lies on the posterior border of the heart, the fourth 
behind the apex, one on either side, and the fifth on the two lateral angles 
of the heart. The cavity of the heart is not continuous but is traversed 
by a large number of interlacing muscle fibres. Histologically the 
heart looks like a thick spongy meshwork of muscle fibres, the inter¬ 
stices of which represent the cavity of the heart. 

The arteries arc thick-walled blood vessels through which the heart 
pumps out its blood received from the pericardial sinus. Three arteries 
arise from the apex of the heart. The median ophthalmic artery lies 
in the mid-dorsal line just beneath the carapace. It is a slender blood vessel 
that runs anteriorly up to the root of the oesophagus and joins with the 
loop formed by the antennary arteries. Two antennary arteries arise 
from the apex of the heart from the outer sides of the median ophthalmic 
artery. After its origin each antennary artery runs slightly obliquelv 
o wards the anterior side, and just behind the eyes anastomoses with it’s 
tellow from the other side and forms a loop the circulus cephalicus, 
which gives rise _to a rostral artery on each side. During its course 
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Fi<». 383. T. S. through the thorax of lobster showiug circulation (diagrammatic), 
(modified after Huxley and Plateau). 1. pericardial sinus; 2. heart ; 3, ostium ; 
4. sternal artery ; 5. ventral artery ; 6, sternal sinus ; 7, afferent branchial vessel; 
8, ederent branchial vessel ; 9, branchioperitardiac channel ; 10, three sets of gills S 
II gill filaments ; 12. branchial chamber ; 13. endopbiagmal skeleton ; 14. liver ; 
15’ intestine; 16, ovary; 17, branchiostcgite. The arrows indicate the path of blood. 

each antennary artery gives off many branches. Along the outer side 
of the mandibular muscle it gives off three branches ; (#) the peri¬ 
cardial to the pericardial sinus, (//) the gastric branch to the cardiac 
stomach, and (//;) the mandibular branch to the mandibular muscles. 
Anteriorly each antennary runs up to the basal segments of the antcnnulc 
and antenna of its own side where it gives off a branch towards the 
dorsal side, the optic artery, supplying the eye. The antennary further 
continues to form the circulus ccphalicus. Just behind the origin of the 
optic artery arises a common artery which divides into three branches, 
one going to the antcnnulc called the antcnnular artery, the second 
going to the antenna called the antennary artery and the third going to 
the renal organ known as the renal artery (Fig. 384)’ 

A pair of hepatic arteries arise from the heart on the vcntro-lateral 
sides of the roots of the antennary arteries of its sides and enters the mass o 
thchepatopancrcas within which it divides and sub-divides. From tic 
postero-ventral surface of the heart arises a short though stout blood vessel, 
the median dorsal artery, which soon divides into two branches, 
supra-intestinal and sternal arteries. The supra-intestinal artery ru - 
straight behind, dorsal to the intestine, and ends just over the h -g Y 
forking into two branches, each of which lies on one side o ^ j 

It gives rise to many small branches supplying the intestin . . 

artery is a large blood vessel that runs obliquely downwa cp g 
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thoracic A 

Fig. 384. Circulatory system of Palcemon. 

either from the left or right of the mid-gut. After crossing the ventral nerve 
cord it bifurcates into two branches, one goes to the anterior side lying 
below the nerve cord, and is called the ventral thoracic and the other 
tuns behind, below the nerve cord, and is called the ventral abdominal. 
The ventral thoracic is larger of the two, runs upto the oral aperture and 
supplies the maxillae, the maxillulac, the maxillipcdcs and the first three 
pairs of walking legs. These blood vessels branch extensively forming 
minute hair-like branches that open freely into the blood spaces or sinuses 
of the hacmococl (Fig. 384). 

Of the blood sinuses there are two ventral sinuses situated length¬ 
wise beneath the hepatopancrcas in the thorax, extending back into the 
abdomen for a short distance. The two sinuses arc not separate but com¬ 
municate with each other at several places. Vcntrally they are supported 
by the sterna. The ventral sinuses receive blood from all parts of the body 
and send it to the pericardial sinus after aeration. For aeration the blood 
as sent to the gills through six pairs of afferent branchial channels. These 
arc definite channels lying on the inner sides of the wall of the thorax. Of 
these the first channel which is relatively small and ill-defined takes blood 
to the two arthrobranchs and also to the podobranch of the second maxilli- 
u C i.i j C . otbcr ^ vc conduct blood to the plcurobranchs. In the gills 
t c blood circulates through the lateral longitudinal, marginal and 
medjan longitudinal channels and is aerated. The aerated blood is 
re rned to the pericardial sinus through six pairs of efferent branchial 
. OI i_ thC b * an chio-cardiac canals, which emerge out of the gill- 
- r ?°^ s tbe 8 ills at Pl ac <s i ust dorsal to the openings of the 
thnrav bran u h,al C ^ nncls - Thus > the two sets of channels pass across the 
of earh °o\\\ ab S VC |! h f othcr an . d thcir Uvo °P c n'ngs are situated at the root 
■wall tk,.’ c- a t ° CSe ,°P cnbl 8 s are surrounded by a common chitinous 
"Lj tVf S ; x r eftcrc , nt chawieb are distinct canals which receive all the 
aerated blood from the gills and pass it on to the heart (Fig. 385). 
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Fi u. 385. Pericardia! sinus and efferent and afferent channels. 1 . P« r,c * r, ’ 1 ® t 
sinus ; 2. efferent branchial channel ; 3, atom ^. n . ch , tol fi ^*, kinilT^ 6Sn. 

vsfa 1 - 

a transverse connective between the lateral longitudinal channels of the gill. 

Course of Circulation. The blood from different parts of the 
body is emptied nto the ventral sinuses through various channels. 1-rom 
the ventral sinuses the blood passes into the gills, being conduct'd b. 
the afferent branchial channels. Alter being oxvgenated in the pi»■ «* 
blood is returned to the pericardial sinus through six pairs of efferent bran 
c'lial channels. From the pericardial sinus the blood enters the heart throeg 
ostia and thence it is pumped to various parts of the body. 

Excretory System. The excretory organs of the prasv n are a p 
of antennary glands also called the green glands. In the Crusacea 
Zo wirs «f Minds, the antennary and the maxillary glands, form the 
excretory organs. In the majority of the crustaceans the antennary glands 
form the larval kidneys and the maxillary glands are found 

TUBULAR CONNECTIVE which the prawn be¬ 

longs), on the contrary, 
the maxillary glands act 
as kidneys in the larval 
stages. Both the types 

of excretory organs do 
not occur simultane¬ 
ously, as a rule, one 
succeeds the other, ex¬ 
cept in some fresh 

water Ostracoda, where 

.oth’the glands are present together. coxal p „domcrcs 

The antennary glands in the prawn lie " ,,hm hilc structure 

,f the antennae (Fig. } S6). Each gland is an opaque-white 
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Fig. 386. The excretory organs of Palemoi . 
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of the size of pea-seed and is made up of three parts, the end-sac, the 
labyrinth or glandular 
plexus, and the bladder. 

The end-sac is a small 
bean-shaped structure 
lying in the anterior part 
of the gland internal to 
the labyrinth, and con¬ 
tains a large blood lacuna 
within its cavity. The 
inner epithelium of the 
end-sac is folded form¬ 
ing a number of radial 
septa which project into 
the cavity of the end-sac. 

Its outer wall consists of 
connective tissue. The 
labyrinth or glandular 
plexus is relatively larger 
in size and consists of 
a mass a of highly con¬ 
voluted and branch¬ 
ing excretory tubules 
which open by one 
opening into the end-sac 
and by many openings 
into the bladder. The 
lumen of each tubule 
is small and is lined by 
a single layer of excretory 
epithelial cells. The 
bladder is a thin-walled 
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Fig, 387. The nervous system of the prawn Palaimam 
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sac lying on the mner s.dc of the gland proper and internally forms an 
t W hetw° Un<,ed ° Peni0e “ ^ -media,eTy'inTo'nTo'f 


Each antennary gland communicates behind with an elnno.n.,1 , , 

or nephro-peritoneal sac through a narrow lateral duct 8 
sac is a large thin-walled elongated sac lyinlin the r ' na 

above the cardiac stomach. Anterior^ £ __ cephalothorax just 


by a transverse connective. Posteriody the „ °J ft. oth “ side 
in contact with the gonads. The wall 7 0 f the ren*1 < '“ dS bllndl y and is 
single layer of flattened excretory S*' ' 


484 


A TEXT BOOK OF INVERTEBRATE ZOOLOGY 


Uric acid and other nitrogenous compounds have been detected in 
the various parts of the excretory organs. The end-sac secretes 
ammoniacal compounds. They are thus believed to carry on excretion. 
Some authors believe that eedysis is a special device to get rid of waste 
products of metabolism. The thick chitinous layer of the integument 
is a non-living nitrogenous product secreted by the ectoderm. This ^ 
is cast orf every now and then during eedysis. 


Nervous System. Essentially the central nervous system consists 
of a pair of supra-oesonhageal ganglia or brain connected to a ventral 
nerve chain of paired ganglia by a pair of circumoesophageal connec¬ 
tives. There is also a visceral or sympathetic nervous system in con¬ 
nection with the oesophagus and stomach. Typically there would be a 
a pair of ganglia for each body segment, but frequently fusion of ganglia 
has taken place so that the number of visible ganglia may not be fne sam 
as the number of segments. In the front of the head 
base of the rostrum, anterior to the ,unction of the cardiac stoi^ 
the oesophagus are found the supra-oesophagea ganglia (the bmn), 
embedded in a nms of fat. Seen from the dorsal Side .t .s b.lobed m 
appearance an represents and extreme case of concent rat,on and complete 
fusion of three purs of ganglia indicated only by the thre '* P“" fj'on- 
that arise from it and supply the eyes, antennules and ® 

scqucntly known as thc optic, antcnnulary , and J* n “X^ C alcon- 

abdomen remain free. The thoracic gangliomc mass .s a complex mass 

sr? w.ar i w rSE-Shss 

and the posterior. The anterior rc f ,0 ^ (S ° 7 r f"? nerves - three pairs, 

rise to three pairs of nerves innervating pairs of nerves inner- 

legs; whereas the posterior part g.vesnseto '* P ,[s nc 
vatiri? the fourth and fifth pairs of walking leg. (f> 7 - 3 * 7 )- 

r. to .bb— to« b. «*. of.« Sth 
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Fig. 388. Nervous system of the prawn, donal aspect. 

to three pnirs of nerves, the pedal nerves innervating the appendages a 
pairs of nerves to the extensor muscles, and a pair of nerves innervating 
the flexor muscles of the succeeding segment. The sixth ganglia is a 
relatively larger mass because with it are fused a number of post- 
abdominal ganglia. From this arise several nerves of which two pairs 
supply the flexor muscles of the segment, two pairs control the muscles of 
the tclson, two pairs innervating the uropods, and a single median nerve 
innervates the hind-gut (Fig. 387). 

The visceral nervous system consists of a small nerve that arises 
from the brain and connects with it two small visceral or oesophageal 
ganglia lying one behind the other on the roof of the cardiac stomach 
Of these the anterior visceral ganglion is connected by two delicate 
connectives with the commissural ganglia on the circumoesophageal 


Within 'he central nervous system the bodies of the nerve cells (neu¬ 
rons) are confined to the ganglia and the commissures, enclose the processes 
from these cells by which intercommunication between them is established 

2“ ‘ S £ P °i‘| nt ° f dlStmctlon from ,he condition in the annelids where 

although cells arc more numerous in the vanvlinnir __ ’ 

also found along the whole length of eZ c / g l 
of nervous integration in the Cmstacea natuXshowl J A mechan,sm 
that of the annelids. Theoa, tern ofTheTrtfivfcs atuThK 

of annelids bift their in,«-3ons « “ re CpW “ Tb ' '° "T 
present simple receptors sending the r fibrT^^he cent? * ISO 
system and other receptors with afferent neurons ioL«,?- 
them. Besides, the intermediary neurons S , “ a ^ Wlth 

. P ..d „,d s jdna&tss.j'Ss 
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CUTICULAR l£NS 



OMMAWA 



B A 

Fig. ?89. A. median longiudinal section 
e f the eye of a cruttacian. B, two ommatidia 
of the same highly magnified. 

I 1 are therefore possible and co-ordinated 

than one or two body segments arc th . l can ^ place. F.xpcri- 

movement of limbs remote trom one supr a-oesophageal and sub- 

mentally it has been shown that disturbanee in behaviour than is 

oesophageal ganglia results in a great" measure of control has 

the case in annelids. This proves • g»««£ are gian , fibres that 
been located in these nervous masses. 1 . hout the w hole length 

arise from special cells in the brain and r A of impu lses along 

of the nerve cord. These fibres h '^'%'" a ™olen. convulsive move- 

^r h .» h . sffu—. », d.» P « 

bl SSscn.. The «« 

the statocyst. the tactile organs ^ 'he o t situated between 

paired borne on short t W 0-|omte<! mosa cve js a composite 

the bases of the antennule and the ra trum.^,, e , ements the omma- 
structure being made up of numcrou The outer surface ol 

ridia, that collectively form a compou ' facets (Fig. »«■») 

ihe eye shows a large number of rough > S ommatidium is a 

each corresponding to a single ommatid urn. Eternally there is 

complete apparatus for the reception^ cornea i facet (cut.cular 
the outermost transparent cuticular covering, 
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lens) secreted by a pair of fiat epidermal cells, the comcagcn cells 
(lenticular cells) lying below the corneal facet. Beneath the corncagcn 
cells arc four tall cells, the vitrellae, the inner borders of which 
become refractive and form a crystalline cone. These parts arc sometimes 
described as dioptrical region of the eye. Beneath the vitrellae is another 
group of four elongated^ cells, the retinulae. They surround a more 
or less spindle-shaped elongat¬ 
ed body, the rhabdom. The / j - f 

rhabdom is made up of four a 
rhabdomeres each of which 
is formed by the inner border 
of retinluar cell becoming 
refractive. The rctinular cells 
and the rhabdom together 
form the receptor or retinal 
part of the ommatidium. From 
the retinuhr nerve fibres pass 
back to link up with the mass 
of nervous material forming 
the optic ganglion in the eye 
stalk. Surrounding each 
ommatidium is a pigment 
sheath of dark colour that 
separates each ommatidiun. 
from the other. The sheath in 
this case forms two portions, 

M the retinal sheath sur¬ 
rounding the rhabdom and 
rctinular cells ; and ( b) the 
iris sheath surrounding the 
crystalline cone and vitrellae. 

Of these the retinal pigments 
penetrate the basal or base¬ 
ment membrane, a thin 
jnembranc of more or less 
cuboid cells, upon which rest 
the inner ends of the rhabdom 

c , dls - The optic nerve fibres also pierce the basement 
membrane to enter the ommatidium. 

JriK WOrk h 0f th f COm P° und e y fi . such as the one 
described above are too complex to be entered into hilly here, but it may 

^ ™ cnt ‘ oncd thlt .“ ch ommatidium is capable of producing an imag l 
When the ommatidia are optically .solated by the extended pigment 
sheaths ‘composite image is formed made up of a large number of 
separate pieces each of which is contributed bv a sinele ommatidium 
<Fig. 39°) Such an image that is formed of se^eml'clmp” tch 
received through a distinctly separate visual element placed in juxtlposi- 



Fig. 390. A, diagram rerresenting vision in 
which apposition image is formed. The only 
rays of light from an object a, b, c which will 
reach the retinulae are those parallel to long 
axes of ommatidia, all oblique ra>s impinge 
on the side* and are absoibed by the pigment. 
B. diagram iepres«nting superposition image. 
Each reiinula receives nrt only an image from 
rays entering its own facet, but also those from 
peripheral oblique rays from neighbouring 
lacets and thus form a superposition image 
P. pigment ; Rh. rhabdom, (From NViggles- 
worth after Kuhu). 
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Fig. 391. The reproductive system of male. Palatmon, side view. 

lion is known as the "apposition image” and the vision is known as the 
"mosaic vision.” In this case the sharpness of the image depends on the 
number of ommatidia involved and the degree of their isolation from 
one another. 

When, however, the pigment is retracted all the ommatjd.a work m 
unison and a complete image is formed. Such an image is dW a *“P« 
position image”. All the crystalline cones here act together as a smgle 
refractive body and the whole of the ret,nular portion 
retina. The vision in this case is not distinct. The animal »»«* *ota« 
som ■ sort of an image of its surrounding objects, especial y of dwrmpe 
ments. The extension and retraction of the pigment •« K 

differences in the intensity of illumination. In weak light, as at n gh 
pigment is retracted and a "superposition image » f< “ 

inThi^condidon^and'are'weU-adriMe'd^o dim light ^xtend®d^sind^ra 

in this condition, as in buttcrfl.es, the animals can onl) see in b 
day light and are night blind. 

In the prawn probably both the 

ing upon circumstances. In bright ligh PS r om its neighbour 

arranged as to completely isolate “ch omma. dium om «*»“« j. 
and an “apposition” image is formed; whereas, in dim Ugnt I I 

lion” image is formed. 

The Statocvst arc a pair of cuticular structures each situated in th 
receptor setae connected to the statoc\ • . s which function 
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grains which press against the setae and stimulate them to convey the 
change of position to the brain. The statocysts arc organs of balance 
with the help of which the animal knows its position and maintains equili¬ 
brium. They can, thus, be said to be organs for perceiving the direction 
of the force of gravity. Formerly they were believed to be auditory m 
function, but the same has not been proved thus far. The statocyst is 
believed to have originated from a simple receptor setae, the area ot in¬ 
tegument below which sank down to form a pit that eventually trans¬ 
formed into a sac. 


Tactile Organs. Besides the manv-jointed feelers of the antennae 
there ate some plumose setae believed to be of tactile nature. These are 
hollow cuticular outgrowths internally supported by muscle fibres and 
supplied by nerve-fibres. Each consists of two portions: (i) the 
hollow base bearing ( 2 ) a distal taper¬ 
ing blade having linear rows of tiny 
barbs. Such setae are found specially 
covering the flattened portions of the 
plcopods and other parts of the body. 

Olfactory Setae. The olfactory 
setae are situated on a small, middle 
feeler between the two elongated 
feelers of the antcnnules. Each has a 
two jointed shaft proximally attached 
to the integument by means of a 
flexible membrane. The distal seg¬ 
ment is bluntly rounded at the free 
end and covered with a thin mem¬ 
brane. A single nerve fibre from the 
olfactory branch of the antennulary 
nerve innervates each seta. 

Reproductive System. The se* cs 
are separate in the prawns. There arc 
a number of external features with the 
help of which the male can be distin¬ 
guished from the female, which is 
generally smaller in size than the male 
of the same age. In the males the 
bases of the thoracic legs are more 
closely approximated ; the second pair 
of chelate leg is longer and more 
profusely covered with setae and 
spines, and the endopodite of the 
second pleopod carries an additional 
stylet, the appendix masculina, organs seen from above, 
besides the appendix interna. The genital apertures in the males are paired,, 
each situated on the arthrodial membrane above the coxa on the inner side- 
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Fig. 392. Male reproductive- 
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Fig. 393. Female reproduciivc organs seen from above. 


of the Jast pair of walking legs and is covered over by a tongue-like process, 
in the female the epimera of the abdominal segments are larger and form 
deep recesses for carrying eggs ; and the genital apertures arc paired each 
situated on a raised papilla on the inner side of the coxa of the third pai 
of walking legs. 


In the male the testes are paired elongated structures lying beneath 
the pericardial sinus. The testes in a mature prawn extend forward up <> 
the renal sac. Anteriorly both the testes fuse together to form a com¬ 
mon lobe. Each testis consists of a large number of seminiferous tuwii . 
held together by connective tissue. Each tubule has a thin wall enclosing 
a large cavity lined by a single layered epithelium, the cells of which p 
liferate and give rise to spermatids that separate from the: walland ui 
xnatcly develop into spermatozoa. From the posterior end ot eacn * 
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arises a vas deferens, which runs for a short distance within the substance 
of the testis before emerging out. On emerging each forms a coiled mass 
beyond which it descends down as a 
straightcr; muscular tube opening in 
the coxa of the last pair of walking 
legs. Before actually opening to 
outside each vas deferens swells up 
forming the vesicula seminalis, 
in which the spermatozoa are stored 
in the form of white compact bodies 
called the spcrmatophorcs. The 
spermatozoa arc very small each 
consisting of hemispherical mass of 
cytoplasm drawn out at one end into a 
tail-like process. The nucleus is dark 
creaccntic mass lying near the root of 
the elongated process (Fig. 591). 

In the female the ovaries arc pair¬ 
ed structures occupying relatively the 
same position in the body as is occupied by the testes in the male. Each 
ovary is a sacular organ whose shape varies with age and time of the year. 
Ordinarily the ovaries are compac* sickle-shaped structures closely approxi¬ 
mating with each other at their ends, leaving a space in the middle. They 
become larger in the breeding season and extend behind upto the first 
abdominal segment, and anteriorly up to the renal sac. Each ovary is 
composed of radially disposed strings of ova in the various stages 
of development, the immature ova lying towards the centre and 
maturer ones towards the outer side. Each ovary is enclosed within 
a membranous capsule which is continuous with the wall of the 
oviducts. The oviducts are short thin-walled tubes but broader than 
the vasa deferentia, and pass vertically downwards to their openings 
on the inner side of coxopodites of the third walking legs. The 
mature ova arc rounded structures with large nuclei lying on the 
periphery of the ovary and full of yolk granules. 

When laid the ova arc fastened to the setae on the pleopods of 
the female by the sticky secretion of glands occurring both on 
appendages and on the body segments themselves. Immediately after 
laying they are fertilized, the male depositing spermatophorcs on the 
ventral surface of the female’s body just before oviposidon. Exactly 
how the male deposits spermatophores is not known for the prawn but 
Andrews (1904) has given the details of mating in the case of American 
crayfish, Cambarns offinis. The male grasps and inverts a female, stands 
oyer her, seizes all her walking legs with his two chelae, and flexes his 
telson tightly over the end of her abdomen, so that she is held motion¬ 
less. He uses one of his fifth walking legs to press the tips of the two 
modified pleopods on his somite XIV against the sperm receptacles 
(annuli) between somites XII and Xm on her thorax. Sperms then 
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Fig. 394. Polaemon, A, side view 
of ihe female reproductive organs. 
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Fig. 395 . Stages in the development of A status. 
pass in mucous along his plcopods to lodge in her receptacles, after 
which the animals separate. 

Some days or weeks later, before oviposition, the female cleans her 
abdomen and pleopods and lies upside down with her abdomen sharply 
flexed. A slimy secretion issues from glands on the pleopods and soon 
small (2 mm. in diameter) eggs are extruded from the oviducts. The 
eggs number from 200 to 400 and are fertilized by sperms from the se¬ 
minal receptacles. Finally they arc glued together by the secretion of 
her pleopods. She later resumes normal position and backs into a shelter 
when the eggs hang like berries and arc aerated by the slow movements 
of the prawn and its pleopods. 

It is easy to determine the duration of the breeding season because the 
females carry eggs attached to their pleopods. Palatmon malcolmmn 
breeds in the latter half of summer and the beginning of the rainy season 
(May, June and July). At other times the females arc without eggs, he 
development is direct (P. lamarrti). At the time of hatching almost all 
the thoracic and abdominal appendages, except the last abdominal appen¬ 
dage are present and the five pair of abdominal appendages arc un.ram- 

ou g s A series of moults leads to the adult form. Each rounj: .1>a " 
lure prawn about 4 mm. long pale and translucent. and 
tothe cuticle moulted within the shell before hashing. If■ thee«ji Rsh «*> 
remain attached to the female untd the second stage, sta> near.her u 

0 «o £NoveXr that do Sni hatch un'li. the follow,n K 
June. . 

sratf Srti i £ « 
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divides regularly into two, four, cight.etc., nuclei surrounded by radiate 
masses of protoplasm (yolk-pyramids), but the areas of the separate cells 
do not become marked off by furrows cutting right through the egg. More 
and more cleavage nuclei are produced and migrate toward the surface 
forming a regular blastoderm, not all over the surface simultaneously 
as in Astacus , B ,rant bipus and the free-living copepods, but the blastoderm 
appears first on the ventral side of the egg. Its formation begins at 
one point on the surface and proceeds gradually from this point, which 
always represents the future ventral side of the egg. In Palatmon and 
other Decapoda this point denotes the most posterior end of the ventral 
side, the spot at which later the gastrula invagination appears. 

Gastrulation. In Palatmon (according to Bobretzky) a small inva¬ 
gination (Fig. 396) develops at a time when the blastoderm is not com- 



Fig, 3%. Three sections from the embryo of Palatmon showing the formation 
of the germinal layers (after Bobreuky). 

plctely formed, i.e. t when the blastoderm cells have not separated from 
their yolk-pyramids over the whole circumference of the egg. This in¬ 
vagination marks the first step towards gastrulation and a small 
archcntcron is formed with its opening, the blastopore, at the surface. 
After the blastopore closes the cells of the endoderm vesicle lose their 
epithelial character (Fig. 396). Form »hc lateral walls of the endoderm 
vesicle (Fig. 396 C) elements arise which form the mesoderm at a later 
stage. 

The endoderm formation as reported by Bobretzky is also interesting 
in Palatmon. The cells arising from the floor of the endoderm vesicle 
pass into the yolk, traversing it like wandering cells, and multiply within 
the yolk. Each of these endoderm cells swallows the surrounding food 
yolk in an amoeba-like manner, with the result that the yolk mass breaks 
into smaller spheres. In the later stages the nuclei, each with a certain 
amount of protoplasm, rise to the surface of the food yolk forming an epi¬ 
thelium which represents wall of the mid-gut containing food yolk 
within it. Some endoderm cells still remaining in the food-yolk are 
absorbed along with yolk. 
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When the mesoderm appears for the first time it consists of a mass of 
cells near the point of origin. These cells multiply rapidly and spread out 
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AfiCHENTEPlC VESICLE 


Fig. 397. Median longitudinal section through the gastrula stage of Atlatut 
Jhvialilis showing mesoderm lortnation (alter Reichenbach). 

apparently in an irregular manner between the ectoderm and the footl- 
yolk. The distribution of the mesodermal elements into paired mesoderm 
bands is perceptible only in a few stages. 

Gastrulation in Asijcis takes place in a different way. By the time the 
blastoderm formation is completed, the rudiments of the embryo become 
visible on the ventral side as thickenings of the blastoderm. There are 
five distinct thickenings, two representing the rudiments of the 
eyes, two thoraco-abdominal rudiments, and an unpaired thickening, 
theendoderm disc, behind these. After invagination this torms 
the archcntcron. 

The beginning of gastrulation is indicated by a crescentic furrow at 
the anterior edge of the endoderm disc. This furrow i* joined b) a 
similar posterior furrow. The inpushing increases gradually and forms 
the archcntcron opening at the blastopore. The archcntcron is line 
by endoderm cells. 

Even before the process of invagination begins, active proliferation 
of cells takes place at the anterior edge of the endoderm disc. These 
cells multiply quickly and pass below the blastoderm (Pig. 397 ) forming 
the mesoderm. It is apparent that in Astaeus the mesoderm originates 
from a definite point on the anterior margin of the blastopore, where the 
ectoderm passes into the endoderm. 

In the case of Pa/aemn the mid-gut is formed by the int^enetr^ 
tion of the food yolk by the cells of the gastrula In Aslo.us _the gun 
formed diffcrently-through the filtration of the food-yolk. The endo 
derm cells absorb the food-yolk which lies m the P''mary cocU.m^ AHcr 
this secondary yolk pyramids appear. Then the nuclei .helium of 

cells shift to the surface of the yolk and there they form thc p' . ; 

the mid-gut. The characteristic of this method is that the 
cavity persists throughout development and then the lumen 
vesicle passes into the lumen of the future mid-gut. . , 

As the mid-gut develops in this way the fore- and^'y^octodTcum^ 
ectodermal invaginations forming the stomodaeum P 



PHYLUM ARTHROPODA 


49*- 



Fig. 398 . Nauplius of Ptnotut (aficr F. Muller). 

j These two approach the midgut with which ultimately they fuse but this 
may be completed after hitching. 

From the ectoderm arises the external integument, and internal* 
skeleton by its infolding and invagination. The whole of the nervous 
system arises as an ectodermal thickening. The rudiments seen after 
the blastoderm formation develop into various parts and form a nau¬ 
plius larva which is never free-living in Palatum and many other 
Decapoda. The next stage (protozoaca stage) also merges in the ge¬ 
neral embryonic development, which takes place in the egg. The em¬ 
bryo leaves the egg in an advanced zoaca stage a stage that in many 
ways anticipates the mysis stage. Thus it is evident that the metamor¬ 
phosis in this ease is distinctly abbreviated and the larva i n the course of 
time changes into the adult. 

Larval Forms. In some prawns (Penaew, Lucifer), like manv other 

a^seTTl the . dcvclo P I ? cnt is accompanied by metamorphosis, ^here- 
are several larval stages, the younger of which are quite unlike the parent 
animals. However diverse the forms of the adult may be there ahvavs 
occurs a larva with certain constant characters. The first and the molt 
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fNDOFV&rt 

EXOPODUE 


SECOND 

ANTENNA 

MANDIBLE 


FIRST 

MAX/LL/PE 

2nd MAXH L IpEDE - 

(B/RAMOOS) 


>RUDIMENTS OF 
THORACIC SECMfNTS 


A » 

Fig. 399 . A, metanaupl ius of Lucijer just hatched ; B, meianauplius of Aput 
just hatched. . , . 

and arc provided with swimming setae. In some (Per,atm) the young hatch 
out as nauplius larvae, but in others (*. £. Palatmon) it is apparently- 
lacking. Insuch eases, it has been suggested, thata distinct nauplius stage, 
followed bv the shedding of a larval cuticle, is passed through in the egg, 

the actual larval life begins at a 
later stage. 

With successive moults the 4 
mctanauplius and protozoca 
stages appear (Fig. 399 )- ln 
the" mctanauplius a fourth pair 
of appendages (first maxillae 
of the adult) appears be¬ 
hind the three original pairs. 
Later on rudiment of four fresh 
pairs of appendages arc formed. 
The body consists of the oval 
ccphalothorax and of an elongat¬ 
ed terminal portion which gives 
rise to the last thoracic segment 
and to the abdominal segments 
bv progressive segmentation. 
It terminates in two truncated 
processes or furcal processes, 
forming a caudal fork provi¬ 
ded with setae. The next stage 
is the protozoca, the third 
larval form. The limbs which 
are rudimentary in the metanaup- 

lias stage are fully developed here. The -«ennae are suU loeo = y 
argans. The first antenna (antennulc) is four jointed, 


Fi*. 400. 
\iuller.) 


Protozoca of Penaeus[ after F. 
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The upper lip is helmet-shap¬ 
ed. The mandibles are palplcss, 
toothed masticatory blades. 
The two anterior pairs of maxil- 
lipcdes arc biramous swimm¬ 
ing limbs. The abdomen 
is still incompletely seg¬ 
mented and the paired eyes 
have begun to appear, as lateral 
outgrowths of the head. In 
some cases (Str&estts) the larva 
that hatches is in the protozoca 
stage (Fig. 400). 

Then follows the zoca 
stage (Fig. 401) with a distinct 
ccphalothorax and distinctly 
segmented abdomen. The 
appendages of the head and of 
the first and second (in some 
cases third in addition) 
thoracic segments arc well 
developed while the abdomen 

'ci.m).' 401 ' Zoaea 1U 8 C of Thia pelila (after abfcTtdk^I*^ hive' <W 
[he" d t'Tsh 'ld ''T * dor “ 1 , P ine Sg ^om fr 0 thc al ccTtrc e of 

The ^ J" * Pa ' r ° f n""' S P ineS are also present. 
The movable abdomen is ventrally flexed and consists of five 

free segments while th: sixth is unite! with the tclson. Seven 

pairs of limbs are present in this stage. The antennulc (first antmna'i 

is simple, unjointed process, beating a few setae at the tip. The second 

antenna grows out into long spinous process hrarirw* __ , 

which will develop into e^o^oditePa^x^^'^rmandlbre 1 " 

because .Sfi* A © '^5^ f * 

that help in swimming. A further mouh resuUs 

adult with nineteen pairs of appendaees The m U l form . a '! on of the 

-d or th, j^szs^s; sztxfihsis 
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Fig. 402. M>sis stage of Penctui lateral view (after clans). 


ihai of the lobster. In the lobster (PanuhrMS) the newly hatched larva 
is a strangely modified mysis-form called a glass-crab or PbyHosowa. 


In a crab the young hatches out in the zoea stage, but the larva has a 
helmet -like carapace with long dorsal and anterior spines and sessile eyes. 
The thorax bears two pairs of biramous swimming legs (maxillipcdcs) 
and the slender mobile abdomen lacks swimmercts. This larva moults into)* 
the mcgalopa larva (Pig. 403). In this case the ccphalothorax is 
well developed (crab-like) but lacks spines, the eyes are large and stalked, 
the thorax has 5 pairs of “walking” legs, and there arc functional swim¬ 
mercts on the abdomen. The larva swims on the surface waters but later 
on sinks to the bottom and moults into typical crab form. 

In the Cirripedia and Cypridae (Ostrcoda) the nauplius that hatches 
usually has a delicate dorsal shield and here after several moults, the larva 
changes into a cypris stage. It is enclosed in a bivalve shell and possesses 
a pair of compound eyes in addition to the median eye. The anterior 
antennae are four jointed and bear a characteristic disc at the end of the 
second segment on which open the duct of the cement gland. The 
posterior antennae of nauplius have disappeared. There are six pairs 
of biramous and setose thoracic appendages, the short abdomen ending 
in a caudal fork. The cypris stage lasts for four days to ten or twelve 
weeks in different species. The larva then settles to the bottom, 
hunts a place of attachment to which it adheres by the antennules, 
aided by the secretion from the cement gland and metamorphoses 
into the adult. 


CLASSIFICATION 


Class : Crustacea. The prawns, lobsters, 
fishes, etc. Essentially aquatic Arthropo 
by the general surface of the body. 


The 



shrimps, crabs, cray- 
...t respire by gills or 
:elcton is often massive. 
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Fig. 403. Megalopa stage of the crab Carcinus (after Brook). 

Antennae are two pairs borne by second and third segment ; and three 

* sppendagM'also^act^a^rnoutJ^parts! ^ S ° mC ° f ' hC ‘ ntCrior 

ages are all alike. ’ subcylindrical. Trunk append- 


Examples : Rrwbipus (Fig. 404.1), Arn mia . 

shiekf shaped carapacel'r'he con^oun^eyra arrffKsilT'a^d* 1 d ° Kal 
The antennae are much reduced Trunk an^ ^ “ d C '° Se to g ether - 
which the first two pairs differ from the rest Th?^ 8 ," " umero " s of 
and many jointed. ' The caudal styles are slender 


Order 3 ; 

divided into two 


Examples : Apus, Upidurus. 



The Branchiopoda with a carapace 
’* enclos « the whole animal. Eyes are 
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/ Fig. 404, Some representative Arthropoda. 1, Dronchipus ; 2, Daphion ; 3, 
(3, Cyclops ; 4, planus (acorn barnacle). 

sessile and apposed or fused in the middle. Trunk appendages io-$* 
pairs. Caudal styles are a pair of curved claws. 

Examples : Lemm/is , Cjzjeus ( Esther in). 

Order 4 : Cladoccra. The Branchiopoda with a bivalve carapace 
having only 4-6 pairs of trunk appendages. The biramous antennae are 
used for swimming. 

Examples : Daphnia (Fig. 4 ° 4 »*)» Polyphemus. 

Sub-class II : Copcpoda. Watcr-flcs, fish-lice, etc. The Crustacea 
without compound eves or carapace which lead a free or parasitic Ute. 
Typically six pairs of appendages of which the 1st and the 6th arc unira- 
mous and the rest are biramous, none of the appendages arc on thc abd< ?' 
men. Antennae and antennulcs arc well developed ; some of tnese 
characters may become lost. Occur in fresh and salt waters, frec-m g, 
commensal or parasitic. 

Order 1. Eucopepoda. The Copcpoda without paired compound 
eyes ; uenital opening on last thoracic somite. Cyclops (Fig. 4 <> 4 . 3 ) 
fresh water ; Calanus , forms a good food of fishes ; Chomostoma P« 
on crustaceans ; Khiyorhina, adult female lacks appendages and is parasitic 
on polychaete worms, and Ergasilus (fish-lice). 

Order 2. Mystacocarida. Microscopic Copcpoda with four eye- 
spots and without compound eyes: genital opening on 1st thoraci: som 
One species, D.roclje/locants typicus found in damp intertidal san 
Woods Hole, Mass. 

Sub-class III. Ostracoda. S ™'*^distinctly 
pace and with or without compound ) 
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segmented or unsegmented bearing four pairs of trunk appendages, the 
posterior part of the body is provided with a pair of caudal styles. The 
antennules and antennae, which arc generally biramous, arc used for 
swimming. The genital aperture on the 7th body segment. Fresh and 
salt water forms occur, mostly(living on or near bottom, 2000 species arc 
known (from Ordovician to Recent). The Ostracoda arc divided into 
4 two orders. 

Order 1. Podocopa. Carapace unnotjhcd ; 2nd antenna unira- 
mous. Eufjbris y Darwinula , both in fresh water ; Entocy there, on the 
gills of crayfish ; Cy/beresis t marine and Cypris (Fig. 405,7). 

Order 2. Myodocopa. Carapace notched anteriorly; 2nd antenna 
biramous. Comboeeia, found in northern oceans. 


* 


Sub-class IV : Branchiura. The carp-lice. Small Crustacea which 
are temporarily parasitic on fishes. They possess compound eyes, a 
suctorial mouth, carapace-like lateral expansion of the head and an un- 
segmented, limbless, bilobed abdomen with a minute caudal furca. The 
genital duct opens on fifth body segment. 

Example : Arbutus 

Sub-class V : Cirripedia. The Barnacles. Hermaphroditic Crus¬ 
tacea which are sedentiry, cither sessile or stalked, in the adult condition. 
Some arc pirasitic. The carapice is folded to enclose the body. This 
fold is also known as mm*lc and sscretes cilcireous plates supporting the 
former. Typically there are six piirs of biramous cirriform body append¬ 
ages. The abdomen is limbless and rudimentary. The adult is without 
compound eyes. Lirvae free swimming, marine. 800 species are known 
(from Ordovician to Recent). 


Order 1 : Thoracica. Non-parasitic Cirripedia having an alimentary 
canal, six pairs of biramous thoracic appendages and permanently attached 
in the adult condition by the preoral region. 

Example 1 : Upas (Fig. 405,1), goose-barnacle is found all over 
the world, attached to floating objects in the sea, by a long 
stalk, or peduncle (which is the foremost part of the head and bears 
rudiments of antennae). The rest of the body is called capitulum and 
is enclosed in a carapace or mantle strengthened by five calcified plates— 
a med.an dorsal, canna two lateral and proximal, the scuta and two lateral 
and distal the terga. The body within the mantle cavity is turned over 
its back with the appendages upwards. 

Example 2 : bahnus (Fig. 404,4), the common acorn-barnacle is not 
stalked. On the capitulum of Minus are present a number of additional 

sT'S,,," *■ 

Order 2 s Acrothoracica. Minute Cirripedia which bore into the 

as sjss*? sr — - - “■> 

* ^ 
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Fig. 405. Some representaiive Anhropoda. U. Ltpm (goose-barnacle) ; 2, 
Talorcheslia (Amphipoda); 3. Dtaslylis (Cumacia) ; 4, Oniscus (Isopoda) s 5, A otiunia 
(Palpigradi) ; 6, sea-louse, Ca/igiu ; 7, Cjprit (Oiiracoda); 8. Thtljphonu (Pedipalpi). 


Example : Alcippe. 

Order } : Apoda. Cirripcdia which are hermaphroditic and devoid 
of mantle, thoracic limbs or anus. The body ^oears to be like that ot 
a maggot. They are parasitic. ^ 
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Fig. 406 . Larval (A and B) and adult s.age (C) of Sacculina. 

Example : ProteoUpas , the only representative that lives in the mantle 
cavity of the stalked barnacle. 

Order 4 : Rhizocephala. Parasitic Cirripedia having no alimentary 
canal at any time and no appendages or segmentation in the adult. They 
parasitize decapod crustaceans exclusively. 

Example : Sacculina. It is parasitic on crabs and is the best example of 
the group. It looks like an immense tumour on the abdomen of the 
4 host, giving off root-like process which extend through the body of 
the host (Fig. 406). 

Order 5 : Ascothoracica. Parasitic Cirripedia having six pairs of 
thoracic appendages Appendages modified for piercing and mouth- 
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Fig. 407 . Life cjcle of goose barnach. 
Example : Anaspides. 


Order : Mysidacea. Mainly pelagic, marine Malacostraca in which 
a carapace is present and covers the thorax. The e\cs are stalked when 
present. The exopodite of the antenna is scale-like and a tail-fan is well 
formed. 


Example : Mysis. 

Order : Cumacca. The Malacostraca in which the carapace is *mall 
a l.l covers only three or four thoracic segments, other segment (four or 
five) arc absent. The eyes sessile, when present. Abdomen is slender > 
and the uropods do not form a tail-fan. 

Example : Dias!)Us (Fig. 40 0 - 

Order : Tanaidacca. The Malacostraca in which the carapace is very 
small and covers only two segments of the thorax with which it fuses. 
Small marine forms that live in burrows or tubes. 

Example : Apseudes, Tanais. 

Order : Isopoda. The Malacostraca without a carapace and with 
sessile eyes. The body is dorso-ventrally compressed usually. The 
thoracic appendages are devoid of exopodite. They form a large group 
exhibiting much variety. 

Example : LAja/, Oniscus (Fig. 405, 45 - 

Order : Amphipoda. Fresh-water and marine Malacostraca in which 
the carapace is absent and the body is laterally compressed and abdo¬ 
men is elongated. 

Example : Gam mams. 

Order : Euphausiacea. The Malacostraca in which the thorax is 

enclosed by the carapace and none of the anterior thoracic appendages is 

modified into maxillipedcs. There is a single series of gills borne by 
the coxopodites of the thoracic appendages. 
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Example: Njcfipbanes. 

Order : Stomatopoda. The Malacostraca in which the head is pro¬ 
vided with two movable anterior somites bearing eyes and antennules. 
The # branchiae are borne on the abdominal appendages. They arc marine 
living on bottom in sand or crevices. About 200 species arc known. 

Exzmples : Squit la , Cbbridella i «/Y. 

Order: Decapoda. The Malacostraca in which the carapace is well- 
developed and covers the thorax completely. The exopodite (scaphog- 
nathite) of the maxilla is large. Of the thoracic appendages three pairs arc 
modified as maxillipedcs and five pairs as walking legs. Usually more 
than one series of gills are present. Proximal joint of the antennule 
generally carries a statocyst. This order contains the most highly or¬ 
ganised crustaceans such as the prawns, lobsters, crabs, hermit-crabs, 
coconut-crabs, etc. 

CLASS INSECTA 


Definition. Trachcate Arthropoda in which the segments of the 
body are grouped to form three parts of the body, head, thorax and abdo¬ 
men. They have one pair of antennae, three pairs of legs and most have 
wings. The abdomen bears no ambulatory appendages ; and the life- 
history usually shows a metamorphosis. 

General Characters. The class Insecta (L. incised , into distrincc 
parts) includes true insects (some animals commonly referred to as ‘insects* 
do not belong to this group) which form the largest group of animals as 
far as both the number of different species and the number of individuals 
arc concerned. According toZ. P. Metcalf (1940) approximately 1,500,000 
species have been described during the period from 1758 to 1940, and 
many more have been added ever since. Usually several thousand species 
arc described in a single year, but there is no doubt that the numbers yet 
to be brought to light exceed those of all the known kinds. That is the 
reason why Huxley has observed that half the living protoplasm of the 
entire animal world is enclosed in the insect body. 


The characteristic of all the members of this class is that they breathe 
by means of cuticle-lined air tubes or trachaeae, and have the body 
divided into head, thorax and abdomen. The head, derived from six 
primary segments, is the sensory and feeding centre and bears the mouth- 
parts for chewing, sucking or lipping, a single pair of antennae (homolo¬ 
gous with the antennules of Crustacea),* usually a pair of compound 
eyes and often simple eyes or ocelli. The thorax, consisting of three seg¬ 
ments is the locomotory centre and carries three pairs of legs (hence 
were formerly called Hexapoda) and usually two pairs of wings, that may 
be reduced to one pair (Diptera) or may be absent. The abdomen con¬ 
sisting of ix segments, is the metabolic and reproductive centre and is. 
without ambulatory appendages. Its - terminal pans arc modified 
into external genitalia. it lodges the digestive, excretory and reproduc- 
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tive organs. Heart is slender with an anterior aorta and without veins 
or capillaries the body space being haemocoel. Excretion takes place by 
two to many Malpighian tubules attached to the anterior end of the 
gut. The nervous system is of the usual arthorpodan type, a dorsal brain 
connected to a ventral ganglionated double nerve cord. The entire body 
is covered by chitinous exoskclcton. The sexes are separate and the gonads 
consist of many tubules, with one median duct running posteriorly. 
Fertilization is internal, cleavage superficial and after emergence from the 
egg the growth may be direct with several nymphal stages (gradual 
metamorphosis), or with several larval stages (complete metamorphosis). 


The insects arc usually small, some being smaller than the largest Pro¬ 
tozoa and others larger than the smallest Vertebrata. Some minute 
hymenopterus parasites are only 0.2 mm. long while the bulky Goliath 
beetle is about 120 mm. long. The giant stick insect, Pbarnariaserratipes 
measures up to 260 mm. long. A bug, Bclos/o/na grande is 115 mm. long. 
In some moths the wing spread is greatest being 280 mm. in the giant 
noctuid moth Erebus agrippina. Some of the great fossil dragonflies of 
Carboniferous times had wings exceeding two feet in expanse, but with 
typically slender bodies. 

The insects are terrestrial confined to gound and vegetation, some 
arc aquatic living in salt or freshwater and some are aerial. Many arc 
aquatic through their larval conditions. The possession of wings, unique 
among the Invcrtcbrata, provides means of dispersal, of seeking their 
mates, of searching food and of escaping from their enemies. They arc 
cosmopolitan animals found from the poles to the equator. Some live 
upon various kinds of wild or cultivated plants and when in large numbers, 
destroy large tracts of lands thus becoming pests. Some live as parasites 
within the bodies of other insects or other animals including vertebrates. 
Some can withstand great cold up to—5o°C, and some live in hot springs 
that exceed 40 C in temperature, and there are some that live in deserts 
whose mid-day surface temperature may be twenty degrees higher. The 
larva of a fly of the family Ephydridae has been found to live in the petro¬ 
leum pools of California. Beetles arc known to live in such strange media 
as opium, strychnine and argol (containing 80 % potassium bitartrate;. 
Because of their large number high adaptability and the damage they o 
the crops, the studv of insects attracts great attention and thus a separat 

branch Entomology (Gr. entomon, insect-f logy) has developed. Many 

entomologists arc engaged in purely scientific studies of entomology 
others in the applied fields. 

The earliest known fossil insects were fully winged and throw no 
light on their origin. Several theories of insect or,gm have to^ 
ward and derive the insects from various sources. Some derive hem 
-from forms resembling zoea larvae of higher Crustacea with thn: pa i-s 
appendages on both the head and thorax Some denve ‘hem .from . 0 * 
poiychaetc worms (Annelida) because of the resemblances of he pleura 
and thoracic appendages of insects to the parapodia of polychaetes 
derive them from the Trilobita, an extmet class of palaeozo.c marm 
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orms. The trilobite theory suggests that the earliest insects were winged 
' orms represented by the extinct Palaeodictyoptera which were derived 
from Trilobites. There are some that derive them from the Symphyla 
which are themselves related to Chilopoda and Diplopoda. The Symphyla 
have given rise to the wingless Thysanura, the most primitive insects, from 
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Fig. 409 . Cockroach, ventral view. 


trains, ships, even ip the huts of savages, and similar other locations afford¬ 
ing food and protection. Cockroaches arc abundant in covered mun ci- 
pal drains of large cities and it is througn them that they reach dwelling 
places. 

Habits. The cockroaches arc nocturnal in habits. They generally 
remain hidden during daytime while the occupants of the buildmgs are 
actively about. When the kitchen and store houses etc., *« °« er '~ 
the night these insects come out on their nocturnal foraging 
Should some one enter the kitchen at such an hour and sudden y 

si~& sssf a* 

them protection when they mo\e out. 

thorax and abdomen (Fig. 40*).■ h“d » ' ■J thouph 

by a slender neck or cerv.cum. The head epres n ^ , horax thrcc> 
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Skeleton. The whole of the skeleton is covered with chitinous 
cuticle which is not hardened or reinforced with calcareous deposits as 
in the crustaceans. The chitinisation is not continuous but localised form¬ 
ing sclcrotiscd regions or sclcrties. The dorsal sclcrite is known as the 
tergum, the ventral the sternum and the lateral ones arc known as the 
pleura. In the region of the thorax each tergal sclerite is known as a 
notum. Thinner flexible articular membranes separate individual 
sclcrites of each segment and lie between the borders of contiguous seg¬ 
ments. The segments may show complete or partial fusion in some cases. 
In the head, for instance, several segments have fused, and the outlines 
of the sclcrites are merely indicated by sutures. The complex head capsule 
thus formed consists of the frons, clypeus, and labrum in front, the 
vertex, composed of two epicranial plates above, and the genae at the 
sides (Fig. 410). 


It is evident from above that the whole body is encased in 
hard cuticular covering as such it is known to form the exos¬ 
keleton. As was seen in the prawn the cxokeleton is carried inwards 
m certain places to form apodemes (hardened processes) for the 
m T SC C u‘ ThlS , arran § cmcnt of apodemes constitutes the 

deveWd * 1 V X fk thC cockr T oa< * * hc cndoskeleton is not so well 
de\ eloped as in the prawn. In the head capsule the endoslceleton is 
known as the tentorium. It ednsists of anterior and posterior arms 
whose inner ends amalgamate to form the body of the tentorium. 
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In 13 !>tlit additional slender dorsal arms may be present. The 

tentorium strengthens the head capsule, gives 
attachment to muscles and supports the brain 
and oesophagus. In the thorax and abdomen 
there are dorsal apodemes, lateral apodemes 
and sternal (ventral) apodemes. 



&H6 


1A&JM 


MAtA 


Fig. 411. Posterior view 
of the head of the cock¬ 
roach. 


Head. The head (Fig. 410) is held almost 
at right angles to the axis of the body so that 
the morphologically dorsal surface becomes 
anterior. Seen from in front it appears 
Iuacll . pear-shaped and is dorso-ventrally flattened, 

having an evenly rounded upper part, while the sides narrow 
down towards the mouth. Two strong chitinous plates, the epicranial 
plates, cover the whole of the dorsal and posterior side of the head. 
These plates arc fused in the middle at the epicranial sutures. Between 
the arms of the epicranial suture lies an unpaired sclcritc, the frons. 
Immediately below the fronts lies a median sclcrite, the clypeus, forming 
the lower part of the face. The two sclerit.-s arc not distinct owing to 
the obliteration of the clvpco-rontal suture. '1 he sides ot the head 
arc covered by a pair of vertical plates, the genac (“cheeks'’) lying below 
the eves. The head bears a pair of very long filiform antennae and the 
mouth parts. The compound eves arc a pair of large remform black 
patches on the sides of the head. On a careful examination each eye 
apocars to be made o fa large number of hexagonal areas or facets. 

The thorax consists of three segments, the pro- meso- and metatho- 
rax. Thctergumofthc prothorax (the pronotum) is larger than those 
of the meso- and metathorax (meso- and metanotum). Each 
bears ventrally a pair of legs and dorsally the meso- and metathorax bear 

the wings. 

The abdomen is dorso-ventrally flattened and has seven vis| b |c sc 8' 
ments, the remaining ones being telescoped sv.thin the hinder end. None 
of the anterior segments bears appendages, but the tcrm na 
appendages that are modified in connection with the «P~ducme system 
The last (eleventh) segment bears external appendages known!»the» 
ccrci. These arc two many-jointed promotions from the hinder end 

Head Appendages. The antennae or feelers arefree y 
appendages articulated to the head just in front of the c> .. ' jon wjth 

consists of a tolerably Stout basal joint the ' d P The scapc i s 

flexible walls, the antennal socket, situated in the cl >P c “-flagellum 
followed by a segment called ped.ee , 'oU^mgu h.ch ^ h l g ^ 
made up of a large number of small ^gments ™e antenna have 

marked differences in the two sexes. In the cockroach The 

antennae longer than the body, and in the c "> Q f extrinsic muscles 
movements of the antennae are controlled b> mea The pe - 

usually arising from the tentorium and inserted into the scape. I 
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Fig. 412 . Mouth parts of the cockroach. 


died is also movably articulated with the scape due to intrinsic muslccs: 
between them, but the remaining segments are immovably articulated 
Functionally antennae are sensor)' appendages bearing olfactory (smell), 
and tactile (touch) receptors. Internal to the base of each antenna is a 
rounded white space representing a highly piimitivc ocellus, a simple type- 
of eye found in most insects. r 


Mouth Parts. The mouth parts of the cockroach consist of a upper 
lip or labrurn (Fig 410), the labium or lower lip, an anterior pair of laws 
or mandibles and a posterior (lower) pair of jaws known as maxillae. 
Ar.smg from the floor of the mouth is a median lobe or hypopharynx. 

The labrurn is a broad oblong plate movably articulated to the lower 
edge of the clypeus prelecting over the upper part of the mouth and 
covering the mandibles. Behind the genae and articulating with the 

mandib, th : T?"'™ ° fs,out '°°‘h-bearing struck', Z 

mandibles, that move m a transverse plane 1 e f rnm •, 

ture antenna and is sensory in function MthXj.S.l , • * m,nla .: 

^ ■h.^, A.wSt *■ SS 

nomenclature wSadopl^fS^ST* ^“us^the^ limb the same- 

and stipes was called protopodite • Ihc vzuf'th* lwo ' J0 J“ l ® d b “ c including the cardo- 
the endopodiie. Now this nomen’clatu^ u^ru«d ** ‘ aClnia and ga,ca 
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ture consisting of an outer galea and an inner lacinia. The galea is 
hooded in shape, while the lacinia terminates in a claw-like projection 
and is furnished with stiff bristles along its inner margin. The maxillae 
arc used in holding and masticating the food. 

The labium (Fig. 412) is apparently a median structure but is really 
derived from the fusion of a pair of maxilla-like appendages. For this rea¬ 
son this is often referred to as the second pair of maxillae as distinguished 
from the first pair of maxillae described above. The broad basal 
portion of the labium is the submentum (Fig. 41 0 - proximal border 
articulates with the head capsule. The next smaller sclerite is known as 
the mentum that bears an obviously paired structure, each halt of which 
is composed of an outer palp, the labial palp, and inner bipartite por¬ 
tion, cxactlv similar to the distal region of the maxilla. The labial palp 
is three-jointed here. The bipartite inner portion consists of an inner 
glossa corresponding to the lacinia and an outer paraglossa, that corres¬ 
ponds to the galea. Paraglossac and glossae collectively form the 
ligula. 

The hypopharvnx or lingua (Fig. 41 0 is a median tongue-like process 
lying between the maxillae and above the labium. It is a cylindrical 
flcshv projection of the posterior wall of the buccal cavity and bears the 
aperture of the common salivary duct. The anterior wall of the entrance 
to the alimentary canal forms another structure, the cpipharynx, lung 
on the inner side of the labrum. 

Thoracic Appendages. Typically the thorax bears two pairs of 
wings dorsam, ”d .hre 8 e pairs of legs ventrally. With the ac< 1 u.s, ,on 
of wings and legs a correlated specialization occurs in the:m»k<up of* 
thorax, which exists in its typical form only in wingless insect ('P > 
gota) or in many larvae. The prothorax ,n the cockroach.. I develop 

cd being large and shield-shaped, whereas, the meso- and mctalhorax 
more or less intimately fused. 

Wings. Wings arc two-lavcrcd membranous expansions nf 
merit arising as lateral folds from the region between.the^tergum and 
plcuron. In the early stages the wings show the same layc ' 

Rumen, /.r. cuticle epidermis in dimensions, 

ing network, the complete system of whichi is -tern and contain 

mentally the veins are tubular pro^ga£ ns (hc f(>rc . w i n gs have 
wing-nerves, tracheae and blood. In ‘ ina . In thc beetles the 

become leathery in texture and ani kno« n g Thc stcrior 

whole of each forc-wmg becomes h^> [ot-njng^ ^ when at re s, 
(mctuhoracic) wings are large , - Th movements of 

These arc the wings 
each wing during flight arc effected > 
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muscles and the direct muscles. The complete mechanics of the wing 
during flight is a complex process but it is certain that these muscles con¬ 
trol the movements of the wings. In the female of Ttfatta oritntalis the 
wings are vestigial. 

Legs. Attached to the sternum of each segment of the thorax is a 
pair of legs. Each consists of a stout, flat- 
tened basal portion, the coxa (Fig. 4* 3). 
that connects the leg to the body. It is 

followed by the trochanter, a small femur 

intermediate, segment freely movable over i . j~ 

coxa, but fixed to the femur that 

follows it. The femur is the largest part 

of the leg, very well developed due to 

strong underlying muscles. The femur is jjr 

succeeded by tibia, a long slender part Jw' 

beset with a large number of stout spines 
the tibial spurs. The distal portion of JV] 

the leg is known as the tarsus and is 
made up of five similar segments. The . ji* 

last one bears two claws. The claw- Ij 

bearing sclerite is often called the Jj 

pretarsus. The tarsal sclcritcs bear velvety/ up-J 
many fine hairs, while at their lower 
edges arc soft adhesive pads, the plan- polytllus Jt^-*** 
tulac. 

Fig. 413. Leg of cockroach. 

During walking an insect moves its legs in two scries so that the 
'fore- and hind-legs of one side and the middle leg of the opposite side 
arc carried forward. Thus, the body is momentarily supported on a 
tripod formed by the remaining three legs. The fore-leg acts as a tractor 
having fixed its claws, it pulls the body forward, the middle leg supports 
and lifts the body on its own side, while the hind-leg pushes the body 
forward and turns it. As a result of these movements the insect moves 
forward, in reality, following a zigzag course. 

Of the abdominal appendages only the terminal ones persist and these 
have mostly been incorporated as gonapophyses in the genital arma¬ 
ture, which is too complicated to be dealt with in detail The appen¬ 
dages of the eleventh segment, the anal ceri have already been described 
earher (see page , 10). The last segment, however, bears two triangular 
chitinous sclentes, the pod.cal plates, below the anal cerci. 8 

The dig “J ive s 7 stem comprises a long tube. 
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Fig. 414. The digestive organs of cockroach, 

originate as invaginations of the ectoderm antcnorly and posteriory. The 

innerblTnin'g^'^Th^ Scimte 

functions to perform, as such they are separated b\ mean 
the stomodacal and proctodacal valves. 

Fore-gut. The fore-gut (Fig. 4 M) begins withthe r ^cr indctcr- 
minate mouth cavity, bounded by the cpipharynx and '“bnim^nteno^; 
by the mandibles at the sides and by the hypopharynx and labium p 
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Fig. 415. Salivary glands of cockroach. 


orly. At the bas: of this ill-defined buccal cavity is a small opening leading 
into the pharynx. The pharynx is very well developed in suckin" 
insects. In the cockroach it is tubular and passes straight into the oeso¬ 
phagus, with which it is not delimited dearly. The oesophagus is a 
^simple, narrow and laterally compressed tube passing from the hinder part 
of the head into the fore part of the thorax. In the thorax the oesophagus 
widens into a thm-wallcd, spacious, pyriform sac, the crop, extending 
iar behind into the abdomen. It serves as a food-reservoir. The crop 
is succeeded by the gizzard or provcntriculus which is a conical thick- 
walled sac, whose chitinous inner lining is raised into six prominent longi¬ 
tudinal tolds (Fig. 414) forming the so-called teeth of the gizzard that 
work by the contraction of its muscular walls, forming an excellent grind¬ 
ing and straining apparatus. The gizzard marks the end of the fore- 


Mid-gut. The gizzard opens into the mid-gut or mesenteron a 
short soft tube internally lined by glandular epithelial cells, that secrete 
neutral or alkaline digestive fluids. This is the true stomach. It is also 
absorptive in function. The anterior end of the mid-gut gives rise to 
eight (sometimes less) bbndly ending small tubes or diverticula known 
as the hepatic or enteric caeca. Internally they are also lined by similar 
ceils as found in the mesenteron and are known to secrete a digesdv^uid 
that dissolves proteins and starches. The posterior limir ° 

teron is marked by the presence of a TT~ 
tubules, the Malpighian tubules, (Fig 41 a) which n^?***”^ 
the beginning of the hind-gut. Though ieMalni Jhia^!? h?!!! fr ° m 
jnto the alimentary canal the'y are not derive on te oTh'er 

hand, they are excretory in nature and shall be dealt with kter h h 

Hind-gut. The hind-gu, (Fig. 4 , 4 ) consists of thfee ^ ^ ^ 
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proximal tubular portion known as the small intestine or ileum, 
followed by (/'/) the large intestine or colon, and finally terminating in 
(// 7 ) the rectum. The chitinous lining of the hind-gut is often folded 
and sometimes provided with setae. The internal surface of the rectum 
is thrown into six prominent longitudinal folds terminating at the 
anus. 

Salivary glands. Associated with the anterior part of the fore¬ 
gut are found a pair of salivary glands (Fig. 414) the main parts of 
which lie in the thorax. F.ach gland consists of a lobulated bipartite 
cdandular portion and a thin-walled sac-like reservoir or the salivary 
receptacle. From the glandular portion of each side arises a duct which 
joins its fellow of the opposite side to form a common duct. Similarly 
the ducts from the receptacles unite forming a single duct. The 
common ducts then join to give rise to the efferent salivary duct which 
opens into the mouth cavity on the hypopharynx (Fig. 415). 

Physiology of Digestion. As already mentioned the food of the 
cockroach comprises any kind of organic material, animal or plant. The 
food is seized with the help of legs, antennae and mouth-parts, cut by 
mandibles assisted by the maxillae, and then pushed into the moutn 
cayitT with the help of the labium. As these masticatory processes arc 
going on salivary accretion is poured out of the aperture on the hypo- 
pharynx into the food, that is, thus, moistened with saliva as it moves 
down to the crop. In the crop the food is retained for sometime. As 
the salivary secretion of insects usually contains digestive enzymes, dg* 

tion commences at once. In the crop some d, P^ t,vc tc cn Q 7 ' nC fi S ," ' 
gurgitated from the mid-gut. The gizzard mostly acts as a filter m 
chanism allowing only food particles of suitable size to n 0 
mesentcron. Some bigger particles are also broken into smaller o 
by the muscular contraction of its walls. Into the ^ 

subjected more completely to the enzymatic sccrctionsofthccncnc c. 
and mid-gut epithelium, thus, completing the *'**'™.V?*^ a ,. 
digested food is absorbed in the mesenteron and also in the^cacc. 
sorbed food material, carbohydrates, proteins, as *f'*J«*™ p ” ssc 
into the diffuse fat-body Finally as the remaind of the food^ 
through the intestine and rectum, cspccialK the1. 
from it and the faecal matter is got rid of through the anus. 

Growth and Ecdysis. As the cockroach feeds and 

becomes necessary for it to ‘^^'''.""Slva^edepidermis (hypo- 
one. The new covering is formed by the rcacuva.eu , ^ 

dermis) before the old is sloughed off. the mor«se f h inp P the e xo- 
fore the new covering is hardened. This***** * ‘‘ cktoac his a small 
skeleton is called ecdysis. W hen hatched th y 8 ^ are imrnaturc . 

edition of the parent, but is devoid of wing 8 changes 

During the earlier stages 11 Ldvses, on the doSal 

its cxoskclcton several times. At h aU pro j cc tions from 

surface of the meso- and metathorax, PP w £,g-pads. After 

the posterior margins of the terga, these are wing P 
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Fig. 416 . Heart of the 
•ockroach. 


each ccdysis the pads increase in size until, at the last moult, the 
wings make their full appearance and the 
gonads attain maturation. No further ^ 

increase in size occurs after this. In 
the insects this gradual assumption 
of the adult characters is called 
incomplete metamorphosis, and 
differs from the sequence of events 
in other cases which are said to show 
complete metamorphosis. 

Blood Vascular System. The 
blood consists of a colourless watery 
fluid into which float white blood nOscas'* 
corpuscles known as the amocbocytes 
due to their striking likeness with 
the amoebae. The blood has no 
respiratory pigment as it has nothing 
to do with respiration. It serves to 
distribute the absorbed nutriment from 
the aUmentary canal, and carries waste Fig. 416 . Heart of the 

nitrogenous materials to the Malpighian sockroach. 
tubules through which they are passed out of the body. 

For this reason the circulatory system is greatly modified. It con- 
# sists of a dorsal median contractile vessel, the heart, (Fig. 416) running 
through the whole length of the thorax and abdomen. It is divided into 
thirteen scgmentally arranged chambers—three thoracic and ten abdo¬ 
minal. Externally these chambers are marked out by deep constrictions 
and internally by narrow passages guarded by valves. The arrangement 
of valves permits only forward flow of blood. Posteriorly the cardiac 
tube is closed. Anteriorly it is continued into the head as a slender 
tube, the aorta (Fig. 416), which runs forward on the dorsal surface of 

"* ‘" f ”“ ° t,h ' '“ww—*, 1.. 

The heart is enclosed in a space the pericardial sinus by a thin mem¬ 
branous per.card.al septum, stretched across, the body cavity immedia^- 
ly beneath the terga of the thorax and abdomen. The pericardium's 
perforated by a number of small opemngs through which the pericardia 
cav.ty communicates with the pex.v.sccral cavity or the haemocoel The 
pericardial sinus is also in communication with the hrarr ‘ 

of which has two openings or ostia for this purpose fcs^.rl ? 

ed by valves allowing the blood from theMs fntl chamber ^Tit 

heart but not in the reverse direction. mDCrs ot the 

Mechanism of Circulation. The nericardial ^ ., , 

a series of triangular, paired alary muscles. Each m „c r u P?° 7 ldccl 
the underside of the terga and is inserted m tKc originates from 

rhythmic contraction of these muscles forces the bKougllL 
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into the heart. The chambers of the heart contract successively from 
behind forwards, the wave of contraction succeeding one another rapidly. 

nmcPLASMKiAYtn ia , A The b,ood is thus . driven for- 

wards till it is poured out into 
the body cavity through the 
aorta. In the body cavity the 
blood bathes all the visceral 
organs and then enters the peri¬ 
cardial sinus through the aper- 
L*rt* lures in the pericardium, thus, 

completing the circulation. 

Respiratory System. The 
insects breathe through a sys¬ 
tem of tubes, tracheae, (Fig. 
417) that carry fresh air 
directly to the various parts 
of the' body, which they penc¬ 
il ate. The air tubes have cuti- 
cular lining, since, they are 
in continuity with the exosk- 
clcton, and ' this lining has 
annular or spiral thickening. 
This thickening resembles the 
metal wiring of the garden 

hose and like the latter it keeps 

the trachea from collapsing. 

The tracheae open to the 
outside by paired apertures called 
spiracle's or stigmata, which 

*• ■— s. ar*- ■» 

bv hairs and other such devices to prevent the ^6 K «°^ u st and other 

wmmirnm 

/here arc two such trunks “f 0 ff" hr« branches in each seg- 

tube from the spiracle '* ch 8 muSc|e " one middle going to the 
ment, one dorsal lo g sup plving the nerve cord and ventral 

t m scl" y These branches divide and redivide into finer branches or 
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trachcolcs that penetrate even individual cells and have no culicular lin¬ 
ing. It is in these intracellular cavities of the trachcolcs that the exchange 
of gases takes place. The tracheal system connected with one spiracle 
is connected with the other through the longitudinal trunk. Thus, if any 
of the spiracles becomes blocked air can still be distributed to those parts 
which were primarily served by the spiracle now blocked. 

The respiration is effected by the vertical contraction of the body 
caused bv musculature. This alternates with expansions and relaxation 
of the body sclcritcs. Such rhythmic expansions and contractions occur 
at regular rate an 1 are term:d respiratory movements, and depend upon 
the activities of the insect and temperature. In the interior oxygen of the 
air is absorbed and the carbon dioxide diffuses out in the trachea. But 
the elimination of the major amount of carbon dioxide takes place through 
the general integument because of its much greater diffusibilitv through 
animal tissues. In heavily sclerotizcd insects carbon dioxide diffuses 
through the membranous regions only. Diffusion accounts for gaseous 
exchange everywhere except in the larger tracheae, and mostly occurs 
in the trachcolcs. It is noteworthy that no oxygen carrier is known in 
insect blood except in the aquatic larvae of certain midges (family Chiro- 
nomidac) whose blood contains haemoglobin in the plasma. 

From this it is evident that the insects possess the best developed type 
of respiration, whereby fresh air reaches the tissues of individual organs. 
With an ample food supply, this makes a rapid oxidation of the tissues 
possible, and undoubtedly is one of the chief reasons for the wonderful 
* muscular activity, working power and endurance of insects. 


Excretory Organs and Fat-body. The main excretory organs arc 
the Malpighian tubes, opening into the intestine 
in between the mid-gut and the hind-gut. Each 
arises as an outgrowth from the beginning of the weus 
proctodacum and is lined by glandular epithelium, 
with a characteristic brush border. The number 
of the tubes in the cockroach is about sixty to 
seventy arranged in six groups. The Malpighian 
tubes remove excretory material by absorption 
from the blood and discharge into the hind-gut. 

Nitrogen is mainly extracted as uric acid or as its 
salt ammonium urate. Along with these salts 
water is also absorbed. This water is reabsorbed, 
on reaching the hind-gut. * 



Fig. 418. Cron section 
of a Malpighian tubule. 


Bes.aes the Mttewhm tubes the excretory functions are performed by 
some cells and the fat-body. These cells are called the nephrocytes, 
and occur as groups of special cells found m localized regions of the insect 
body In most insects they occur .n two principal froups : (.) the 
dorsal or per.catdial nephrocytes and (z) the Untral nephrocytes. 
The dorsal nephrocytes are commonly termed the pericardial cells and 
occur as two chains of often bmucleate cells arranged in a linear scries 
one on either side of the heart in the pericardial sinus. These ceUs have 
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SIXTH ABDOM/NAL 
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been regarded as accessory excretory organs, but it is uncertain whether 
their chief function is in this capacity. Nephrocytes have the common 
property of absorbing ammonia carmine injected into the blood and 
retaining its precipitate in their cytoplasm. In fact they absorb unwanted 
colloid particles from the blood. 

The fat-body is present in all insects and is derived from the walls of 
the embryonic coelomic cavities. It consists of irregular masses or lobes 
of rounded or polyhedral cells which arc usually vacuolated and contain 
inclusions of various kinds. Since the fat-body lies in the hacmocoel it is 
immersed in blood which also circulates through the interspaces of this 
tissue. The main function of the fat-body is the separation from the 
the blood and the storage of reserve materials, such as fat, proteins and 
glycogen. In the young insect the cells of fat-bodv are rounded, with 
a homogeneous cytoplasm free fiom vacuoles or inclusions. As the 
animal grows these cells increase in size, become vacuolated and their 
boundaries are then hard to sec, some nuclear changes also take place. 
The reserve food materials may be used up during starvation, but nor¬ 
mally they arc consumed at certain periods only, />., during the changes 
from larva to pupa, during hibernation, and to some extent at each ccdysis. 

The fat-body also 
performs an excretory 
function. Special ex¬ 
cretory cells contain¬ 
ing deposits of urates 
arc present among 
the ordinary cells of 
the tissue. The excre¬ 
tory cells serve in the 
main as storage cells 
until their products 
arc eliminated at the 
time of pupation. In 
the cockroach urate 
concretions arc de¬ 
posited and increase 
in size throughout life. 

Nervous Sys¬ 
tem. The nervous 
system comprises the 
central nervous sys- 
tem, the visceral 
nervous system and 
the peripheral sensory 
nervous system. 

The central ncr- 

Fig, 419. Cockroach-nervous s,item. VOUS SySlem (F‘g. 

4,,) includes a pair of cerebral ganglia fused together, forming the 
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brain, lying in the head just below the epicranial plates. The 
brain is connected to the suboesophageal ganglia, that lie under 
the oesophagus and within the head capsule, by the circum- 
oesophageal connectives that pass around the oesophagus. The 
suboesophageal ganglia give rise to a pair of longitudinal commis¬ 
sures that pass through the neck to the prothorax and are connected 
to a pair of prothoracic ganglia. Then follow the meso- and 
metathoracic ganglia lying in the meso- and metathorax respectively 
and connected by paired connectives. Similar double ganglionated 
nerve chain continues in the abdomen as well. There are six pairs cf 
abdominal ganglia, five in the first five abdominal segments and the 
last one some distance behind. The last pair of ganglia is larger than 
others and represents a number of fused ganglia. 


The brain is the seat of “will” whatever an insect may have. It 
gives off nerves to the eyes, antennae, palpi and other sensory organs 
of the head. The suboesophageal ganglia controls the movements of 
mouth-parts and also some other body movement. The thoracic 
and abdominal ganglia give off nerves to all parts of their segments, 
the nervous requirements of which they fulfil. From the last abdominal 
segment arise a number of nerves supplying the terminal abdominal seg¬ 
ments. 




Visceral Nervous System. The principal component of the 
visceral nervous system it that known as 
the stomatogastric or oesophageal sys¬ 
tem. It comprises a median frontal gang¬ 
lion lying just in front of the brain 
(Fig. 420). • This ganglion is connected 
to the brain by bilateral connectives, 
and gives off a median nerve, the recur¬ 
rent nerve, that runs back to another 
ganglion lying on the upper side of the 
crop. This is the visceral or ventricular 
ganglion. Besides, there are paired oeso¬ 
phageal ganglia, just behind the brain. 

These are joined to the brain by connec¬ 
tives and arc also connected to a median 
hypoccrebral ganglion. Closely asso¬ 
ciated with the oesophageal ganglia are 
the corpora allata, a pair of small duct¬ 
less, glandular bodies that are universally present among insects" and 
their larvae, and secrete a hormone info the blood, that initiates 
moulting. 



Fig. 420 Visceral 1 ervous 
system of cockroach. 1, frontal 
ganglion; 2, bilateral connective- 
3, recurrent nerve ; 4. oesopha • 
geal ganglion ; 5, hjpocerebral 
ganglion ; 6, corpora allata ; 7 
viscera ganglion; 8, suboeso^ 
phageal ganglion (after Imrns). 


The peripheral sensory nervous system is composed of a fine net- 
St i^eC t0 bC homolo 8 ous with the nerve netTf 
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Sense Organs. The sense organs of the cockroach differ some¬ 
what from those of the prawn and are adapted for receiving stimuli from 
the air and the land environment where this insect lives. Basically 
sensory perception is achieved by meins of structures termed receptor 
or scnsilla. These take various forms and are situated at the peripheral 
endings of the sensory nerves. These receptors may be scattered in dis¬ 
tribution, for instance, the tactile recept >rs, whereas in the eyes and tym¬ 
panal organs they are aggregated often in large numbers. In their least 



B 

Fig 421. A, vertical section ol the eye ; B, a single ommatidium of an insect. 

modified form receptors closely resemble ordinary body hairs and only 
differ in having connection with the nervous system. Different types of 
receptors are evidently modified sense hairs. It is not possible here to 
classify all of the prevailing types of receptors. So far as the cock¬ 
roach is concerned they include: (i) tactile hairs on various body parts, 
such as the antennae, mouth palps, anal cere!, and distal leg segments ; 
(2) olfactory organs on the antennae ; ($)f>rgans of tastc on thc P a, P* 
and other mouth parts ; (4) the ocelli, which arc sensitive to light and 
shade and may form crude images at close range ; and (5) thc com¬ 
pound eyes. 

Ocelli. Structurally an ocellus consists of a biconvex lens, beneath 
which is a transparent corneagcn layer, which overlies thc sensory ele¬ 
ments or rctinulac. Between thc rctinulac and around the margin ol thc 
lens there are usually pigment cells. Thc most obvious difference 
between an ocellus and a compound eye is seen in the presence of sing e 
corneal lens in the ocellus whereas the latter has many. 

Thc compound eyes (Fig. 421 and 390) arc large and occupy a 
considerable portion of the sides of thc head capsule. They arc com- 
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Fig. 422. Diagrams of the ro^crior segment of the insect ab lomen cut in 
sagittal see ion. A, iundamenial arrangement of posterior ab iotninal segment ; B 
modifications in PtripLntl a omtncana (after Brunet). A. I, third valvula ; 2, first 
valvula ; 3, second valvula ; 4. colletcrial gland ; 5. spermatheca ; G gonpoorc ; 7, 
oviduct; G—10 (above) terga of segments 6—10; VC—X sterna of segment 6—10. 
B. 1, terminal lobe ; 2. vestibuluin ; 3, subgenital plate ; 4. vestibular organ ; 5, 
genital atrium; 6—10 terga of segments 6—10 and VI to X sterna as in A. 

posed of ommatidia, similar in structure to those already described for 
the prawn, except that the pigment between them docs not appear to be 
retractable consequently the cockroach can probably only utilise the 
mosaic (apposition) image. 

Reproductive System. The sexes arc separate in the insects. The 
female reproductive organs consist of a pair of ovaries (Fig. 423) each 
of which consists of 8 ovarian tubules or ovariolcs in which the eggs are 
elaborated. Each tubule presents a number of swellings, which con¬ 
tain developing eggs one behind the other in a single chain, the oldest 
oocyte being situated nearest the union with the oviduct. The wall of 
an ovariolc is a delicate transparent membrane. The anterior end of 
each ovariole, tapers to form a thread-like terminal filament. The 
filaments of the ovariolcs of one ovary combine to form a common 
thread that ultimately gets lost in the fat body. Posteriorly all the 
ovarian tubules join to form a short rather wider tube, the oviduct. The 
two oviducts combine to form a median uterus and the latter continues 
posteriorly with a somewhat wider passage or vagina. The two re¬ 
gions have no external distinction, but the vagina differs morphologically 
in that it is an invagination of the body-wall. *Ihe vagina opens 
by a slit-like aperture, the vulva, into a genital pouch or chamber 
bounded by the terminal sclerites of the abdomen. Into the genital cham¬ 
ber open a pair of branched glands the colleterial glands, the secretion 
of which forms the oothcca (see later). Into the genital chamber also 
open a pair of spcrmithecae of which only one is fully developed and 
functional in the present case. 
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Fig. 423. Female generative organs of the cockroach. 

The genital chamber (Fig. 422) is formed as a result of the elonga¬ 
tion of the sternum of the seventh abdominal segment so much so that 
the sterna of the rest of the segments (VIII, IX and X) arc telescoped 
inwards enclosing the spacious chamber. The anterior portion of the 
genital chamber into which open the gonoducts is known as the genital 
atrium^postcrior to which there is a large cavity known as the vestibu- 
lum. The ventral w.d! of the vcstibulum represents the interscgmcntal 
membrane between the seventh and eighth sterna. The dorsal wall of 
the vcstibulum is formed by the ventral parts of the ninth and tenth seg¬ 
ments. The ninth sternum is absent, the roof of th~ vcstibulum in this 
region is formed from the ventral walls of the second and third valvulac, 
(parts of the copulatory apparatus) of which there arc three. The open¬ 
ings of the collcterial glands occur in the part of the roof formed from 
the second valvulac. Behind the opening of the collcterial glands 
there is another opening of an invagination called the vestibular organ 1 . 
The opening of the spcrmathccae is situated just behind the opening 
of the vestibular organ. To compensate for terga of the segments eight 
and nine are reduced in anteroposterior length and telescoped under 
the seventh. 

In the mile the testes (Fig. 424) are paired, each being made up of a 
number of follicles or vesicles, and lie beneath the 5th and 6th abdo- 

\ Brunet. Q. J- M. S.. Vol. 92, part 2 (1951). 




PHYLUM ARTHROPODA 


minal tcrga, on either side of the body'. The testes discharge their 
contents into two narrow tubular sperm-ducts or vassa defcrcntia. The 
two vasa deferentia unite together to form a muscular ejaculatory duct 
which opens out on a median rod-like structure, a part of the complicat¬ 
ed genital armature. In to th: vasa deferentia and ejaculatory duct 
open the accessory glands. Where the vasa deferentia join the ejacula¬ 
tory duct their ends become 
enlarged forming ampullae 
or vesicles, from which arise a 
large number of blindly ending 
diverticula. I n the adult male the 
diverticula arc filled with sper¬ 
matozoa and arc of glistening 
white colour. The whole 
structure is called the mush¬ 
room gland. On the lower 
side of the ejaculatory duct 
opens the median conglobate 
giant! the function of which 
is still unknown. 


mushroom 
oi 

VMS 

OtFtRlRS 
<’ 0 * 6 : 0 ''*"! 
61 #• 
€JAO**TCR* 
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Formation of Oothcca. 
When ripe, the eggs arc 
elongate oval in shape whereas 
the spermatozoa have the 
usual features. During pair- 


Fig. 4 ' 4 . Male generative organ* of the spermatozoa have the 
the cockroach. usual features. During pair¬ 

ing the spermatozoa arc introduc c d into the genital pouch and 
parsed into the sparmuhccac, where they arc stored until required. 
Fertilization occurs as the eggs pass out of the vulva into the genital 




Fig. 425. Ootheca of cockroach. A .entire ; B. cut open to show egg*. 

chamber by the union of spermatozoa discharged by the spermathecae. 
These eggs are then enclosed m an ootheca or egg-case (Fig. 4 * 0 . pro- 
duced to protect t he eggs, probably as much from the members'of its 

are no', e^nVotf fgST*? 'T 

all adults and a.e functional. In the adute “r, f< T d in , 

tnc fat-body, with which they lie in the bod,*® SSL 
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own species as from any other predator. It then attempts to bury the 
ootheca, and otten plasters upon it suitable environmental debris using 
saliva tor the purpose. The ootheca is shaped like a carpet bag, which 
is essentially a cylinder, more or less rounded anteriorly and posteriorly 
and split along the dorsal mid-line, the two lips of the slit which form the 
crista, arc raised and notched in a characteristic way, and remain cemented 
together in the interval between oviposition and cclosion. Sixteen eggs 
arc enclosed in the cl >scly fitting ootheca which is chocolate brown in 
colour. 

It is interesting to note that the oothcca contains no chitin. It is 
composed of protein hardened by quinonc. Both the protein and 
the fanning agent (quinonc) are secreted by the collctcrial glands. The 
walls of the vestibular organ have specialized cells the secretion of 
which coats the eggs as they pass through the vctibulum, and may well 
contribute to the substance which binds the eggs together within the 
casing ot the oothcca. The alkali-resistant outer layer of the oothcca 
is formed by the secretion of the dermal gland cells lining the pos¬ 
terior end of the vestibulum. 



Fig. 426 . Stages in the .levelopment of an insect egg. A. fertilization ; B, 
cleavage ; G, blastoderm formation ; D—E, advanced embryos. 

Development. The eggs of cockroach are enclosed in the egg- 
case. Each egg is laterally compressed being concave on one side (tuturc 
ventral side) and convex on the other (Fig. 4*<>). After maturation 
and fertilization the zygotc-nuclcus passes inwards and commences 
to divide into daughter nuclei usually called the elfcayage nuclei. Soon 
each cleavage-nucleus becomes surrounded by a stellate mass ot proto¬ 
plasm forming the cleavage-cells. When a large number of cleavagc-cclls 
arc produced they migrate to the periphery of the egg forming a continu¬ 
ous cellular layer, the blastoderm, surrounding the yolk (Fig. 4 *W-d- 
The blastoderm gives rise to a number of cells that move into h J 
and convert it into various soluble substances tor the nourishment of 
the embryo. Meanwhile the cells of the blastoderm on the ventral 
side become columnar and produce a deMinite th.ckcning ca'lcd h 
ventral plate. The cells of the ventral plate multiply forming >; several 
cells thick. It becomes broader anteriorly indicating the position ot the 
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Fig. 427. Bipolar method of endoderm formation in an insect embryo (after 
Easilum). 

head-lobes. At the opposite end also there is a specially thickened area 
hearing a slight depression, perhaps the blastopore on its surface. 
The mesoderm formation begins from this end and proceeds forwards. 
The mesoderm takes the form of a longitudinal band bifurcated in front 
in the position of the head-lobes. 

How the endoderm is formed in the cockroach is not known. Proba¬ 
bly it is of bipolar origin. Soon after the stomodacal and proctodacal 
invaginations arc formed, the endoderm cells arc budded off directly 
from the apices of the two invaginations (Fig. 427). These two groups 
of cells approach one another as they grow, and ultimately meet to form 
a continuous layer that forms the wall of the mescntcron. By now a 
number of transverse lines appear in the ventral plate making 
it segmented (Fig. 4 - 9 )- As the development proceeds rudiments 
9 of appendages appear on the head, thorax and abdomen. The abdominal 
appendages disappear subsequently, with the exception of the last pair, 
that forms the ccrci. The segment giving rise to the antennae is at first 

post-oral but it subsequently 
fuses with the prcoral segment, 
(prostomium), thus giving 
secondarily the prcoral position 

to the antennae. Six segments_ 

the prostomial segment, the 
antennary segment, a segment 
devoid of appendages, thc^ seg¬ 
ment bearing rudimentary appen¬ 
dages and those bearing the two 
pairs of maxillae—unite to form 
the head. 

The embryo now becomes 
surrounded by embryonic mem¬ 
branes. A fold of blastoderm 
arises on either side, the two folds 
grow inwards and eventually unite 

Fig. 428 . Transvcrae KcUon of an 30 ^ of '*> e embryo form- 

insect embryo showing the formation of ln 8 a ^o-layercd covering. Of 
amnion and serosa (after Konchelt and the outer is called serosa 

C,der) ’ and the inner amnion (Fig. 428). 
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somites. The somites become hollow and arc ' 1 ' cn | , thc r £ P u it that 
one another. Finallv all the som.'ci ftasc tos ‘her «h h ^ ^ 

the cavities of all the somite* unite lh , so matoplcure 

of the celom lies close to the cctodcrrand .-eMei «“ cmlo( f crm js 
(somatic mesoderm), while the inner » . - bo j.. cav ity of the 

thesplanchnoplcurc (splanchnic meyn )• ^ * Q f the embryo 

adult is Inemocoelic and is not derives! • The heart is formed 

In facta blood sinus ^^''/^/Xt sSr^e off from the two rows 
by special cells, the cardioblasts, 1 P approximated dorsally. 
of mesodermal somites where they j ( ' si j cs which ulti- 

Graduallv the ventral plate grows up s ard »* ,he ^“ thc entire 
match-fuse with each other ,n the nitd-do™! >' •* ™ mid-vcntral line 
amount of voile. An ectoderm* groo pp 0 ff from t) , c 

forming the ventral .nerve chain T . h ^ ir g ^ ectoderm al thickenings 

surface ectoderm forming c £j„ ' A part of the brain, the protocere- 
on thc anterior side form the nram. A P with that devc- 

resstss s ttssajai. - *■ 
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Metamorphosis. At the time of hatching the cockroaches are white 
in colour and bear dark eyes. Soon the integument is acted upon by 
daylight and oxygen and gets dark and thickened. The young ones arc 
devoid of wings but in other respects they resemble the adult. Such an 
immature young one that resembles the adult at the time of hatching is 
known as nymph. In fact the nymphs quit the egg in a relatively 
advanced stage of morphological development, only wings and geni¬ 
talia are lacking or ill-developed. The nymphs cast off their cxoskclcton 
several times before they become adults. The process of casting off the 
skin is known as moulting or eedysis. The adult characters are fully 
assumed during the last moult. 

In majority of the insects the eggs almost always hatch in a condition 
morphologically different from that assumed in the imago. In order to 
reach the adult form and conditions the young ones have to pass through 
changes of form that arc collectively known as metamorphosis. In the 
case of the cockroach practically there is no metamorphosis. The minor 
changes that take place in this case arc known as direct or incomplete 
metamorphosis. In others the metamorphosis is indirect or complete. 

In the insects with complete metamorphosis the young one quits the 
egg in an early stage of morphological dcveloment and differs vastly in 
from and habits, etc., from the adult Such a young one is called larva. 
After some days of active life the larva changes to the resting stage called 
the pupa. The term “pupa” signifies “babv” and was given by Lin- 
^ , naeus to the chrysalis of Lepidoptera (butterflies) on account of its re¬ 
semblance to an infant which has been wrapped up as is customary 
among some people. The term is now used with reference to the resting 
or inactive stage during the metamorphosis of insects. During this 



Fig. 430 . Mosquito in the act of biting (after Nuttall and Shipley) 
stage the insect is incapable of feeding and is quiescent it „ 
transitional phase during which thelarval body and VVt f qUlrcd 
are remodelled to the extent necessary to adam th cm to ' Q '' rnal 
of the future imago (adult). P bCm to th e requirement 
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TYPE MOSQUITO 

Mosquitoes and gnats are common in the tropics and are found in 
abundance in damp and marshy localities. They are a nuisance in 
places where they occur in numbers because of their biting habits. They 
are the carriers of germs of many diseases like malaria, elephan¬ 
tiasis, and yellow fever and are therefore of considerable importance. 

External Characters. As in other insects, the body of a mosquito 
(Fig. 4 jo) is composed of three regions—head, thorax and abdomen. A 
greater part of the head is covered by a pair of large compound eyes. 
The cpicranium and clypeus strengthen the surface of the head but the 
clypeus projects much forward. The head bears a pair of many (14) 
jointed antennae, clothed with silky hair, numerous and long in the case 
of male. This affords a ready means of distinguishing the sex. The 
other appendages of the head are the mandibles, labium, hypopharynx 
and two pairs of maxillae with the maxillary palps. Except the palps 
all the appendages arc modified to form a piercing and sucking proboscis 
(Fig. 431, 432). In the female the labium (the fused sccon.l maxillae) 
forms a long gutter and has two lobes, labellae, at the end. Mandibles 
and first maxillae are fine, piircd rods or stylets of chitin Fontaine 
within the grooved labium. The incomplete tube formed by the labium 
is closed above by the labrum-epipharynx. The labrum is a pom 
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tion from the root o the mOU h ’ , 1 tc fi tt jng against the lower, 
labrum. The hypopharynx 1 These two together form 

grooved surface of£^mosquito. The hypopharynx 
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remain outside the proboscis projecting from its base. These are long 
in the male mosquitoes (Fig. 432) and in the Anopheles female but are very 
short in Cu/ex female. The palps are pointed in the Culex male while 




CuUx - “»>* »nd female mosquitoes. A, 
n^pa“p'!tprobo!d! P ' CramUm: 2 ‘ fr °“ : 3 - C,yP ' m * 4 ‘ > 5 ' «. »«i- 

they are club-shaped in the A*obM,s male. AU the mouth parts except 
the ab.um and the maxillary palps are pointed and pierce the tissues 
of the organism to suck up juices as food. The mouth parts are thus 
modified as piercing and sucking organs. The male usually subsists 
on plant |uices while the female feeds on blood. The mandibles a'e 
a bsent m males. 


When a mosquito bites, the labellae are pressed aeainst the 
and the enclosed pointed stylets pierce through its skfn The^laHum 
does not enter the skin but becomes looped and gives the support t£ 
mandibles and maxillae act merelv as oierrin® . Pporr. ine 

labrum and hypopharynx form ambe to suck 8 up blood. The IXais 
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injected from the hypopharynx and it prevents the blood of the victim 
from clotting. 

The three segments of the thorax, pro-, me60- and metathorax 

are easily recognised from 
sides and ventrally. Dorsally, 
however, only two tcrga arc v 
clearly visible. The prono- 
tum can hardly be recognised 
as two small knobs known 
Pig 433 . Wing of a mosquito. as patagia. The mcsonotum 

is large and covers up a greater part of the thorax. Its posterior margin 
presents a lip-like structure, the scutellum. This is undivided in the 
Anopheles but is thrce-lobcd in the Culex . The mesothorax bears a pair 
of wings that are used for flight. The arrangement of veins (nervures) 
and scales on the wings is characteristic (Fig. 433 )- The metanotum is 
small and bears two club-shaped halters or balancers attached to it. 
These are the rudimentary wings, useless for flight. Ventrally the thorax 
bears three pairs of legs. The abdomen consists of eight segments, 
each with a dorsal tergum and a ventral sternum. 

SIPHON "jfiUMPCTS 



Pi 434 Development of CuUx. A. egg raft S B. larva ; C. pupa. 
g / C - .. A \ The sexes arc separate ; the pairing 

Life-history (Fig. 434)* , • „ The female then finds out 

takes place while the insects■»“ or 500 of her eggs on the 

a suitable spot of sag d 7 S in dus ters in which they are 
surface. The female O/rxUyshereggs m The AnopMlI and the 
cemented together to fotmaboat-shaped rat. ^ ^ # boa 

Simmyia lay their eggs singly. Each 'ff is surroun ded by friU of 
shaped oval structure Its flat ^‘“^ke it more light. The . 

smaU air spaces and a pai , dcr at the base to which a rounded 
culecine egg « elonga ed 1*nd broa,der i» ^ and henCe , hes e eggs 

surface of water. 
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Larva. In two or three days the eggs hatch out. From each 
egg emerges a small transparent larva that enters water. The larva 
is a small wriggling creature with three distinct regions, the head, thorax 
and abdomen (Fig. 434). The head is large and rounded bearing a pair 
of compound eyes, a pair of simple eyes or ocelli, feelers, jaws and two 
small feeding brushes. The movement of these brushes sweeps small 
* organisms and other food particles into the mouth. The jaws, mandibles 
and maxillae, are strong as in cockroach and meant for biting and chew¬ 
ing food material. The larva thus subsists on solid food. The thorax 
is unsegmented but bears three lateral pairs of unjointed tubercles, each 
bearing a tuft of bristles. This indicates the three-segmented thorax. 
The abdomen consists of nine segments, each bearing a truft of bristles. 
The respiratory tubes, tracheae, open on the dorsal side of the eighth 



Fig. 435. Stages in the life-history of Cnltx (A) and 
eggs ; II, larva ; III, pupa ; IV, imago. 


Anophtla( B) compared. 


I. 


segment. In the Anopbilts larva this opening is almost flush with the 
surface. In an undisturbed position the anopheles larva can breathe 
and feed lying parallel with the surface of water. This is further aided 
by the presence of palmate smles lying in pairs on some of the abdominal 
segments dorsally. In the Ch 1 , x larva, however, the tracheae open on 
a long dorsal promotion of the eighth segment, the siphon. This gives 
a forked appearance to the posterior pan of its abdomen. While breath¬ 
ing the end of the siphon remains along with the surface of water and due 
to the weight, the head ^downwards. It thus assumes a slanting 
position m water It can feed and breathe at the same time. The ninth 
segment in both types of the larva beats a tuft of bristles and four small 
kaf-Uke plates which contain the tracheae and which also act as gills. 
They arc known as the tracheal gill. - ® 
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Papa. The larva casts its skin three or four times before it reaches 
its full size. At the last moulting it passes into th: next stage known as 
pupa. This is the resting stage. The pupa (Fig. 434) has a large rounded 
anterior part consisting of the head and thorax and a slender, bent, pos¬ 
terior abdomen. The abdomen ends in a pair of flat plates forming the 
tail fin. It floats with the head end upwards. It possesses a pair of v 
air trumpets developed on the thorax. These are in communication 
with the internal tubes. The pupa does not feed but is not quiescent. 

If disturbed, it darts downwards by rapid movements of its abdomen 
but rises to the surface again after some time. Within the pupa remark¬ 
able changes take place and in a day or two the body of an adult or imago 
is perfected within. At this time the pupal skin splits along the back in 
between the two trumpets and the adult emerges out. The head and 
thorax are pushed out first and then the wings and legs and gradually 
withdrawn. It rests on the pupal case till the wings are expanded and 
quite dry, and then flics away. 

Comparison between Cultx and Anopheles Mosquitoes 
Culex Anopheles 

1. Eggs arc placed vertically The eggs arc deposited singly 

and cemented together to and lie horizontally in water, 

form rafts floating on the 

surface of water. 

2. Eggs arc cigar-shaped with a Eggs arc boat-shaped and pos-« 

rounded knob at the base. scss the frill and floats. 

3. Larvae are bottom feeders. Larvae arc surface teeders. , 

4. Larvae hang from the sur- Larvae lie horizontally, parallel 

face of water with the head, with the surface of water, 

downwards at an angle. 

5. Larva without palmate hairs Larva with palmate hairs but 

but with a respiratory siph- without a siphon : tracheae 
on the eighth segment. • open flush on the surface of 

the eighth segment. 

6. No palmate hairs in pupa. Pupa has a pair of palmate hairs 

at the beginning of the abdomen. 

7. The adult when at rest keeps The adult when at rest keeps the 

the anterior and posterior body in a straight line mak- 

ends of its body nearer the ing an acute angle with the 

resting place ; it thus appears resting place, 
humpbacked. 

8 . The wings arc not spotted. The wings are spotted with scales. % 

9. The maxillarv palps in the The maxillary palps in the female 

female arc very short. are as long as proboscis. 

10. The maxillary palps in the male The palps in the mile are club- 

arc pointed. shaped. 
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Indian Mosquitoes. Anopheles, Culex, S/egowj.a, and Njssor- 
byncbus are common mosquitoes found in India. Nlalarial parasites 
are harboured in the Anopheles and Nyssorbyncbus. A? least 48 species 
of Anopheles are known ; several species of Culex arc also common. 

Economic Importance. The mosquitoes arc definite nuisance as 
thev inflict painful and irritating bites. Most o. them earn germ o 
various diseases, such as malaria, yellow-fever, dengue and certain form- 
of filariasis. Female Anopheles causes malaria, the common tropical 
enat Culex , is the carrier of larvae of Filaria bnncrofli and causes filariasis 
in man and also conveys the virus of dengue fever. The tiger mosquito 
Stepowyia is the carrier of yellow fever. 

TYPE HOUSE-FLY 


No household pest is more annoying than the housefly. They 
are abundant during the rainy 
season, though they appear cirly 
in spring and continue till late in 
winter. Formerly they were 
regarded as scavangers and were 
not considered as a serious 
menace to our health. But it 
is now an undisputed and es¬ 
tablished fact based on evi¬ 
dences, both circumstantial and 
9 real, that the housefly is not 
merely an insignificant insect, 
but one that plays an important 
role in the carriage and spread of 
certain diseases that are deadly 
to human life. 

Form of the body. The adult housefly (Fig. 456) is J of an inch 
in length. The body is divided into the head, thorax and abdomen 
<as in Cockroach and mosquito). It has only two thin membranous 
wings (Diptcra) the second pair of wings is rudimentary and is represent¬ 
ed by a pair of appendages called halters or ‘balancers’ supposed to be 
balancing in function. There are several species of the housefly, the 
most common being Musca domestica in Europe and Musea nebulo in 
India, Musca sorbeus, M. ventrosa, M. vicina and M. conducens arc some allied 
flies frequently found about houses in India. 

Head. The head bears a pair of large compound eyes 
occupying almost the whole of the hemispherical head and thus 
provide a wide field of vision to the insect. Each of the eye consists 
of about 4000 facets and consequently 4000 ommatidia. The head 
bears a pair of antennae. While the mouth-parts are specially modified 
. to facilitate its mode of feeding. 

The hard chewing and biting jaws of cockroach are replaced by a 
greatly modified contractile tube-like structure called the proboscis 



Fig. 436 . Adult housefly, female. 
I, antenna highly magnified; 2, a mag¬ 
nified leg. 
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whose function is to suck liquid food. The proboscis ends finally in a 
pair of soft cushion-like oral lobes (Fig. 437). When the housefly alights 
to feed on solid food the proboscis is protruded and the saliva is poured 
out on the object. Saliva dissolves even solid and makes it liquid ready 
to be sucked. The fly cannot swallow solid food as such. 

The labrum is fused with epipharynx (cf. mosquito) and forms a 
narrow slender tube opening ventrally, into which fits the narrow blade¬ 
like hypopharynx. The mandibles and the first pair of maxillae arc 
absent. Only maxillary palps are present. The labium is just like the 
half tube of the mosquito enclosing the labrum and hypopharynx. La¬ 
bium has no palps. The tip of the labium terminates in two fleshy 
heart-shaped lobes known as the labella or oral lobes (Fig. 437). Each 
lobe is traversed by over thirty narrow open channels. These 
channels open into a common channel which finally leads into the mouth 
opening. There are certain minute teeth-like structures on the under side 
ot the lobes to aid in rasping, breaking up of solids, so that they may be 
easily dissolved. Each of the oral lobes of the housefly is provided 
with a large number of sense organs so as to enable the insect to taste 
and smell. In a state of rest the proboscis is bent inwards. 

Thorax. The thorax of the housefly bears two membranous 
wings dorsally and three pairs of legs vcntrally. In the adult stage the 
colour of the thorax is dusty grey dorsally having four dark and longi¬ 
tudinal stripes. The legs are covered with large number of hair-like 
bristles which arc responsible for the carriage and transference of micro¬ 
organisms. Each leg (Fig. 456,2) is furnished with two sticky pads 



arch of rostrum ; 
14. rrcphar>nge*l 
; 16 . ’ ' ‘ 


mam 


food- 


Fig. 437. Lateral anil posterior views of 'he 
mouth parts of house-fly. I, maxi lary palps ; 2. 
maxillary' rods; 3. rrtentum or theca ; 4. hypo- 
phaonx ; 5. pharynx ; 6 oesophagus ; 7. rostrum ; 
8. haustellum ; 9, oral lobe ; 10. labellum ; II. 
pseudy trachea ; 12, anterior 

13. anterior wall ol phary nx ; 
sclerite ; 15. mouth opening 
collecting channels. 

called pulvilli (singular pulvUlus). Each pad or pulvillus is thickly 
beset with minute hairs which secrete tiny drops of a sticky liquid that 
literally sticks the fly to the object upon which it walks or sits. Unfor¬ 
tunately these sticky hairs form ideal organs for picking up all sorts of 
bacteria from the filrhv materials upon which the fly mostly frequents 
Thus, we sec that the housefly is suited, in many ways, for gathering and 
carrying the germs along with itself, but the relation of the insect with 
the germs it carries is a purely mechanical one. 

The abdomen is distinctly marked out from thorax In the adult 
it is the most pulpy bulging part of the body continuously he d up from 
It is the m F i r alights Dorsally the abdomen is partially covered 

»T5£ >1* 

form a peculiar tube-like structure called the ovipositor. \\ hen fully 
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extended it is like a long narrow tube, through which the fttP 
▼eyed to the places where laid. When not required for use the exposi¬ 
tor is retracted entirely and telescoped within the abdomen. In the 
males the last four segments form the genital pouch and other structures 

associated with reproduction. 

Digestive System. The proboscis as mentioned above is con¬ 
tinued into a pair of more or less heart-shaped soft cush.on-l.ke lobes 
the oral lobes. When not in use these arc compactly closed like the valves, 
of a fresh-water mussel shell. The mouth, situated .n the middle leads by 
wav of a grooved channel into a powerful pharyngeal pump (Fig. 437 ) 
which draws up the liquid food. In all sucking msecs the pharynx .s 
very well developed. It is provided with an elaborate musculature that 
enables it to function as a pumping organ. The pharynx is continued 
into the oesophagus passing through the cerebral ganglia. Alter entering 
into the thorax the oesophagus opens into the proventnculus (gizzard),, 
but before doing so the oesophagus gives off a duct on the under side 
which leads into the crop. The crop is situated vcntrally into the an¬ 
terior portion of the abdomen. The proventnculus opens into the ventri- 
culus or the chyle stomach. This traverses the thorax and joins the intes¬ 
tine in the anterior end of the abdomen. The walls ot ventriculus have 
glandular lining. The intestine is thrown into a number of coils and 
finally at the hinder end of the abdomen it opens into the rectum. The 
rectum opens to the exterior by anus situated in the last segment. 


Respiratory System. The respiratory system of the house¬ 
fly is very highly developed. Altogether it occupies more space in 
the body of the fly than any other set of organs. It consists of 
three parts : the spiracles or breathing pores, situated on the sides of 
the body, air-sacs and air-tubes or tracheae. • A large pair of spiracles 
is situated over the bases of the first pair of legs. These spiracles supply 
air to the following : a set of air-sacs which fill up the vacant space in 
the head ; a series of air-sacs in the thorax which give off tracheae to the 
muscles and legs, and two large air-sacs which occupy, in some cases, 
almost the whole of the front end of the abdomen and give off tracheae 
to the viscera. Above and behind the bases of the last pair of the 
legs is another pair of spiracles which supply air to the large muscles of 
the thorax in that region. In addition to these thoracic spiracles there 
are a number of pairs of spiracles situated at the sides of the abdomen, 
the abdominal spiracles. In the male there are seven pairs of abdominal 
spiracles but in the female only five pairs have been reported. All these 
spiracles communicate with tracheae which ramify among the intestinal 
organs of the abdomen. 

Circulatory System. It is very simple in the fly. The body cavity 
forms a blood cavity or haemocoel so that all the organs and muscles, 
etc., are bathed by blood fluid which is colourless and contains fatty cor¬ 
puscles. There is a muscular tube or ‘heart* lying in a cavity immediately 
under the dorsal surface of the abdomen. It extends from the posterior 
to the anterior end of the abdomen and is divided into four chambers. 
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each having a pair of openings through which the blood is sucked, so 
to speak, from the pericardial cavity. The heart is continued as a dorsal 
vessel along the chyle stomach and appears to terminate in a mass of 
cells behind, the proventriculus. Associited with the blood system is a 
diffuse structure known as the fat-body which consists of a large number 
of very large fat cells well supplied with tracheae. The size of the fat 
body varies considerably, just before hibernation it seems to fill almost 
the whole of the abdominal cavity and after hibernation it is found to 
have shrunk almost to nothing. While it may have some excretory 
function, it would appear that it also stores up the products of digestion, 
which it obtains from the blood with which it is bathed. 



Fig. 438. Life cycle of housefly. A, pupa (4-6 mm. long in natureI . "hen 
first hatched the pupa is yellow 11 en successively changes to red. brown. black. 1 «e 
adult emerges by splitting the case at anterior end along seam (O.B.p^CT.or end 
of larva showing posterior spiracle (I). C, mouth pans of larva (. c P . 

food only). 1, sensor) P ap,lla ; 2. oral hook ; 3 food channels ; 4. dental sclente* . 
5. hypostomial scler.tc ; 6, ph-ryngeal scleritc ; 7, dorsal cornua ;iB. in ' 

9. pharynx; 10. salivary duel. D. egg greatly enlarged usually laid «n decaymg 
animal or vegetable matter and fermenting manure Nwura ,s E |ar 8 va o( 
hatch in 12 to 24 hours depending upon temperature, mois» * . • % scnsory 
housefly. I. larvae in stable iduge ; 2. oral hook ; 3. dental sclente . 1 . sensory 

papilla ; 5. posterior spiracle. 

Reproductive System. Sexes arc separate and are # £ g ^'JSc 
in ,zc P the female being slightly 

'Si =■— 
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duct, the vagina, which swells up posteriorly to form a sacculus or 
ovipositor. There are three spermathecae of which there are two on 
the left side and one on the right. They all open on the dorsal side 
of the ovipositor. There is a pair of accessory copulatory vesicles. 

The male reproductive organs consist of a pair of testes, vasa 
deferentia, ejaculatory sac, ejaculatory duct, and the terminal penis. 
The testes arc always pyriform. The vasa deferentia are short and be¬ 
come confluent distally to form a common ejaculatory duct which 
is a long winding tube. In association with the ejaculatory duct 
there is a muscular ejaculatory sac which contains a chitinous filiform 
ejaculatory apodeme, which aids in propelling the seminal fluid along 
the genital canal during copulation. 

Life-history. The life-history of housefly provides an excellent 
example of complete metamorphosis. The insect begin its life-history 
after copulation followed by oviposition and then the eggs hatch into 
larvae which pass through a resting stage or pupal stage. The fecundity 
/rate at which the houseflies breed) is simply amazing. A simple fly lays 
i oo to 15 o eggs. While each fly is able to lay such < or 6 deposits in one 
season. The entire life-cycle takes only io days. Thus, if the progeny 
of a single pair of flies is allowed to develop without destruction the 
figures will go very high. C. F. Hodge and Malcolm Burr calculated 
the probable number of progeny for Mm sea domstifa at the end of one 
season and came to the conclusion that a pair of flics and its progentaris, 
if all were to live, will produce 191, 010,000,000,000,000,000 (C.F. 
Hodge, Nature and Culture, 1911) or 5 ,J 9 8 » 7 20,000,00°, (Malcolm Burr, 
The Insect Legion, 1939). 

Breeding season. Normally the breeding season is from June, 
July till October, while the maximum activity is during the months of 
August and September. Temperature plays an important part in the 
development of the housefly. A temperature of about 50-35° C will 
enable the fly to develop from egg to adult stage in 5 days’ time. 

Breeding places. Horse manure forms the principal place for 
this purpose but the flies also use cowdung, faeces, cess-pools and other 
decaying vegetable and animal matters. 

Copulation. The male alights on the back of the female, who ex¬ 
tends her ovipositor and inserts into the genital pouch of the male. The 
two remain in position for some time, the female remains responsible for 
flight during the period. 

Oviposition. The eggs are laid 6 to 8 days after copulation. The 
female extends her ovipositor into the manure, dung or whatever sub¬ 
stance she has selected as the nidus and lays the eggs in groups of about 
100 to 150 eggs at a time. The eggs are oval in shape about 1 mm. in 
size and pearly white in colour and have two rib-like thickenings. 

Hatching. In warm weather the egg takes 8 to 24 hours to hatch. 
The larvae specially called maggots emerge from a slit along one side 
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of the egg ; while growing up the larvae cast their skin twice, thus divid¬ 
ing the larval period into 3 stages or instars : (x) from hatching to the 
first moult that takes 20 to 30 hours, (2) between the first and second moult 
taking another 24 hours, and (3) from 2nd moult till pupation that lasts 
for 3 days ordinarily. 

Larva. Full grown larva is of creamy white colour and measures 
about 12 mm. in length. The body tapers from middle to the anterior 
end,where is situated a pair of oral lobes (Fig. 450). The segment bear¬ 
ing the oral lobes is called the cephalic segment. Behind this are 12 
trunk segments. Mouth is situated between the oral lobes on the ven¬ 
tral side.' On the anterior border of the oral opening is situated a tooth¬ 
like black hook-like process called the mandibular sclerite. This is 
helpful both in locomotion and in tearing up the food. The food con¬ 
sumed by the larvae is always semi-liquid. For respiration each larva 
has 4 respiratory apertures or the spiracles, two anterior ones at the sides 
of the second segment while the two posterior ones are located in the 
middle of the blunt posterior end. Vcntrally each segment, except the 
first six has got a crescentic pad beset with tooth-like processes. These 
are locomotory pads used in conjunction with the hook. The anal 
opening is situated on the ventral side of the last segment. 

It is noteworthy that the larva is a bright shining creature whose 
life is greatly influenced by humidity, temperature and foed Supply- 
Scarcity of any of these retards the development and thus the flics de¬ 
veloped under these circumstances arc undersized. 

Pupation. When fully matured the larva usually crawls away fr< m 
its original moist home and travels sometimes many yards to some dry 
and sheltered crevice. Here it rests for some time preparatory to pupal 
stage. The emergence of pupa is preceded by a general contraction 
of the body. Some of the anterior segments arc even withdrawn within 
the body. The larva becomes almost, barrel shaped which in a lew 
hours time, changes its colour from creamy white to dark brownish. 
Thus we see that it is the larval skin that forms the pupal skin or the pu¬ 
parium. The ventral locomotory pads of the larva can still be recognised 
as rough crescentic areas on the ventral side of the puparium. W ithin 
the puparium the larval organs undergo degeneration, living only some 

oroups of cells called the imaginal discs. These cells build up the organ 
fnd the body of the future fly anew. The whole of this process takes 

three to four days. 

When the fly is ready inside the puparium it has a Mc-bke structure 
situated on the front of the head. This is known as the puhnutn. \\ ith 
the aid of this process the young fly pushes open the anterior d h 
nunarium and comes out. The ptilinum is used only in n 
emcrccnce of the fly from the puparium there after it is withdrawn in k 
hcadf Its position is indicated externally by a crescentic slit called umu «. 
situated above the base of the antennae. 

At the time of emergence the flies appear plump, and whu.sji 

in colour. Soon, however, the exoskelcton darkens and becom 
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The flies become sexually matured in about a fortnight’s time and start 
laying eggs, four or five days after attaining maturity. Thus, from 
the limbless, headless, light avoiding larva develops an active sun-loving 
aerial insect—housefly. Life of flies is not constant. Those bred in 
summer live for about 2 months, whereas those bred before winter live 
through the winter months to summer. 

Economic Importance. Housefly has the habit of regurgitating 
a part of the food it takes in, and form a vomit-spot on the surface it sits 
on. Such vomit-spots are often seen on glass panes after their visit. 
As seen earlier their mouth parts are adapted for sponging liquid foods. 
It is a known fact that houseflies visit all kinds of substances ; they suck 
the substances on which they sit indiscriminately and much of the rubbish 
adheres to the hairs on their body. All kinds of bacteria find their way 
to the crop of the flics where they breed profusely. Many of these are 
passed undigested with their faeces to the different places they visit, and 
many arc further thrown out with their vomit. Many of the organisms 
isolated from the body of the housefly arc such that cause dangerous 
diseases and epidemics such as cholera, typhoid, paratyphoid, anthrax, 
diarrhoea, dysentery, tuberculosis and number of maladies caused by para¬ 
sitic worms. 

Control. Flics and filth go together, remove the filth and flics will 
be reduced. This emphasises the necessity of cleanliness for fly control. 
The control of flics, however, can be attempted in three ways : (/) pre¬ 
vention of breeding, (11) protection from flics ; and (#/#) destruction of 
adult flies. 

(/) Prevention of breeding. The best method to control the menace 
of flies is not to permit them to breed and increase their number. The 
problem of breeding is more acute on our farms, as the farmer has to 
depend upon farmyard refuse for his manure. The manure should be very 
carefully exposed to the sun and mixed with lime and then thrown into the 
covered manure pits. All other breeding places of flies should be eli¬ 
minated by the removal of filth. Besides this, chemicals can be used 
to kill the eggs and maggots in at the dung orBther filthy spots. Borax 
at the rate of one pound in sixteen gallons of water is sufficient to 
kill maggots in 16 cubic feet of dung. Similarly one pound of creosote 
in two gallons of water is effective for treating ten cubic feet of dung. 

(/V) Protection from flies is very easy. All victuals should be 
kept covered, kitchens, tables and houses kept clean and dry while 
all filth should be kept well isolated and covered. 

(Hi) Destruction of adult flies. 

M Fly poison. Two spoonfuls of formaline and two spoon¬ 
fuls of sugar are mixed with milk and water, made up to a pint. 
JLicces of blotting paper soaked in this fluid may be exposed in plates, 
u C °j XtU *’J; 5 * n ° c kept In tins and wicks of cotton be passed through 
1,d -, ™*nire attracts the flies and as they lick it, they die. 
rhere should be no alternate liquid food, near .this poison for the flies 
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(b) Fly Smokes. Neem leaf smoke in sheltered places repels 
the Hies. About twenty drops of carbolic acid on a heated shovel 
kills the flies that come over the smoke. Anti-fly candles can be made 
by mixing five parts by weight of pyrethrum powder with one 
part of sawdust and adding this to two parts of cowdung or 
wheat flour mixed with two parts of potassium nitrate in water. All 
these are to be rolled into candles. Burn these candles in places from 
where flies arc to be removed. One and a half ounce of the material is 
required to cover an area of 100 cubic feet of space. 

(r) Fly Spray. One pound of pyrethrum flower powder should 
be put in one gallon of refined kerosene oil for 12 hours. Three ounces 
of oil of winter-green should then be added to the decanted clear liquid. 
This is to be sprayed at the rate of 1 ounce to 100 cubic feet of space 
to obtain the best results, it should be sprayed between sunset and 
sunrise. Spraying with DDT is very effective. 

(d) Fly Paper. Useful fly papers could be made as follows : five 
parts by weight of castor oil should be kept over a mild fire along with 
eight parts by weight of powdered rosin. They should be stirred till 
they get a clear consistency. They arc then to be painted hot over pa¬ 
pers, strings or vertical bars and wires. \\ ire-gauze fly swatters arc quite 
useful in killing the flics inside the houses. 

(e) Fly Traps. A number of fly traps arc available in the market. 
A cheap and effective trap was devised in 1936 at the Imperial Agricul¬ 
tural Research Institute and the same has been further modified. Keep 
this trap in places where flies arc in abundance. 

There arc some natural agencies of control as well. Certain fungi, 
protozoa, spiders, nematodes, chelifers and birds are enemies ot ttics. 
Finally whole-hearted co-operation between the inhabitants is also \ 
necessary. 


TYPE HONEY-BEE 

The body of the h«ncy-bce, like that of any other insect, is divided 
into three parts-head, thorax and abdomen wdl 

other. The head carries the eyes, antennae or fcclers an( j 

the thorax, the wings and legs, and the abdomen the - ^ 

Head. The flattened triangular head is widest crosswise t^ugh 
the upper corners, which are capped by the Urge V c com . 

carries the antennae on the middle of the face (F'g- 4591 „ 

pound eyes and three ocelli at the top of the fa * ^ j 

the bottom of the face. Each antenna is ,o.nted, is sensitis 

contains the organs of smell. , 

Mouth Parts. At the lower edge of the face is a «>o ^ 

labrum. On its underside is a smaill soft!..be on h h mandiblc8 
organs of taste. At the sides of the labrum are the 
which work sidewise. In the workers they are spoon-shaped 
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but sharp-pointed and toothed in the queen and drone, those of the 
-queen being largest, those of the drone smallest. Behind the jaws is a 
bunch of long appendages usually folded back beneath the head, which 
together constitutes the tongue, that is actually modified labium. When 
the bee wishes to suck up any thick liquid such as honey or syrup, the 
terminal lobes of the labium and maxillae are pressed close together 
so as to make a tube between them. The food is then taken in by a 
sucking action of the pharynx. At the tip of the tongue there occurs a 
spoon-like lobe or labella and there is a groove running along the entire 
length on the ventral side. Within the tongue this groove extends into 
a double-barrel tube. A flexible chitinous rod (Fig. 459, B) lies along 
the back wall of this channel which is itself provided with a still 
finer groove along its ventral surface. This delicate apparatus is 
perhaps necessary for sucking up minute drops of nectar from the 
base of a flower. Even the smallest quantity of nectar finds its way 
up the groove by capillary attraction. 

The wings arc two, one on each side, and arc united to each other by 
a scries of minute hooks so that they work together, and four wings arc 
practically converted into two. Each wing is hinged at its base to the 
back, and pivoted from below upon a small knob on the side wall of the 
thorax. The ud and down motion of the wings is produced, not by muscles 
attaches to their bases, but by two sets of enormous muscles, one vertical 
and the other horizontal, attached to the walls of the thorax, whose con¬ 
tractions elevate and depress the back plates of the thorax. 

Legs. Each one of the three pairs of legs, pro-, meso- and 
mctathoracic, consists of coxa, trochanter, femur, tibia and a five- 
jointed tarsus. The tarsus terminates in a pulvillus and lateral claws. 
The legs arc covered with bristles, and have other structures used in 
collecting and carrying pollen and in cleaning pollen from the body. 
An antennae cleaner and an eye-brush arc present in the prothoracic 
legs. In the workers occurs the pollen basket, a concavity on the sur¬ 
face of the tibia of the mctathoracic leg ; and there is a spur on the meso- 
.thoracic leg used to pry pollen from the basket. 


The abdomen of the bee has only six visible segments and those 
of the head and thorax, but bears two important organs, «*..the wax 
glands and the sting. The wax glands are simply developed cells of the 
skin the under surfaces of the last four visible segments of the worker. 
The wax secreted by the glands discharged through nunut.e pores 1 n the 
underside of each segment and accumulates in the form of a little scale in 
the pocket above the under-lapping ventral plate of the segment nex 
in front. 


31, lourm : 32, cardo ; 33, .heath; 34 >tri.np.larpLte ; 35.-qu.d'ate pl.ie : 
36, palp of sling ; 37. lancet ; 38, barb. : 39 eo« ; 40. .'ochao.er; 41 femur , 42, 
tibia ; 43. tarsus ; 44, antenna cleaner ; 45. brush ; 46. spur ; 47, P oste " or -^ ,g * * 
anterior edge ; 49. peeten ; 50, auricle I ; 52, P« l« comb, s 53, pollen 

basket ; 54^11 of pollen ; 55, wax plates; 56, queen cell ; 57, e*g , 58, >oui»f 
larva ; 59, fully developed larva ; 60, pupa. 
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The sting is such a complicated organ that it is difficult to des¬ 
cribe it clearly in a few words. The actual sting or terebra is a bellow 
organ formed of three pieces bounding a central canal . The dorsal 
part or stylet-sheath has three functions : (*) to cut the wound ; (*) 
to serve as the dorsil wall for the poison canal; and ( c ) to hold the stylets 
in position. The stylet-sheath (Fig. 4", C) expands at its base to form 
the bulb of the sting and the latter continues inwards as a pair ot diverg¬ 
ing arms. Within the sheath arc two barbed spears or stylets or lancets, 
which are grooved along their entire lengths and along the sheath are two 
guide rails which lit accurately into the stylet-grooves (Fig. 4 * 0 - , Th « 
barbs of the styles arc much like those on a common fish hook. Associated 
with the sting arc three pairs of plates, {a) The innermost pair is that of 
the oblong plates posterior in position and representing the divided 
ninth sternum. To each is attached the basal arm of the stylet-sheath ot 
its side. Distally each carries a palp-like appendage on its side. ( b ) The 
two triangular or fulcral plates represent the reduced sternum of the 
eighth segment and to each is attached the corresponding arm ot the 
stylet, (r) The large outer or quadrate plate lies dorsally to the triangu¬ 
lar plates at the posterior angle ; the quadarate plates represent the 
sternum of the ninth segment. These three pairs of plitcs act as 
levers. Two sets of poison glands arc found ass<Kiatcd with the ovi¬ 
positor. A pair of filiform acid glands open either separately or by 
means of a common duct into a large poison-sac (Fig. 411, C , m)» ant * 
their secretion has an acid reaction. The poison-sac discharges into the 
> anterior end of the bulb of the sting and situated close to its aperture is 
the opening of an unpaired alkaline gland that secretes alkaline fluid. 

The working of the poison gland is itself interesting. W hen the 
point of one spear penetrates far enough to get one barb under the skin, 
the bee has made a hold, and has no difficulty in sinking the whole length 
of the sting into the wound ; for the pumping motion at once com¬ 
mences, and the other spear slides down a little beyond the first, then 
the first beyond the second and so on with a motion like that of a pair of 
pump handles, these spcais are operated by small but powerful muscles 
attached thereto. These muscles work at intervals, for some time, after 
the sting is torn from the bee. 

Alimentary Canal. The mouth opens into the pharynx a muscular 
widened tube that narrows into a slender long oesophagus, running 
clear through the thorax into the front end of the abdomen, where it 
enlarges into a thin-walled sac, the honey-sac (the crop, in general). The 
sac narrows posteriorly and opens into the stomach proper. Then 
comes the slender small intestine with a circle of slender tubes, Malpi¬ 
ghian tubes. Finally forming the terminal part of the alimentary canal is 
the rectum of varying size externally opening at the anus. 

The honey-sac is of special interest in the worker: The nectar gathered 
from the flowers is held in it instead of being swallowed down to the 
stomach. From the honey-sac the nectar is regurgitated into the cells 
of the comb or given up first to another bee. The upper end of the 
55 
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true stomach sticks up into the lower end of the honey-sac as a small cone 
with an ‘x-’shaped valve in the summit. This opening is called the 
stomach mouth, guarded by four very active lips that take whatever food 
the true stomach requires from the honey-sac. The natural food of 
bees consists of pollen, nectar and honey. The salivary glands are 
located in the back part of the head in the front part of the thorax and 
open upon the upper part of the labium. The saliva can thus affect the 
liquid food before the latter enters the mouth. 

Circulatory System. The circulation is maintained by a slender, 
contractile, dorsal heart as in other insects (sec cockroach), the heart in 
this case consists of four consecutive chambers, which arc merely swell¬ 
ings of the tube, each having a vertical slit or ostium opening into each 
side. 

Respiratory System. The respiration is brought about by the 
tracheal system as found in other insects (see cockroach). In all there 


arc 10 pairs of spiracles, none occur in the head. 

Nervous System. The dorsal cerebral ganglion or “brain” commu¬ 
nicates with the double ganglionatcd ventral cord by two commissures 
around the oesophagus. The organs of special sense are well developed. 
The antennae bear end organs of smell, hearing and touch. I aste organs 
are situated near the mouth and on the tongue. There arc two large 
compound eyes and three ocelli, all cf the txpical arthropodan type. 

Reproductive System. In the male the testes are separate. Each 
testes is enclosed in a double membrane and consist.*, of 250-300 semi¬ 
niferous tubules. The vasa deferentia enlarge to f< rm vcsiculae scmi- 
nalcs which arc usually cylindrical or sac-like in form, me two 
ejaculatory canals which leave the vcsiculae arc rudimentary and the 
accessory glands open into the common ejaculatory duct. The ovaries 
in the females have numerous ovaricles. The two oviducts unite to 
form the vagina which is dilated posteriorly to form the bursa copula- 
trix. A median spcrmatheca is generally present together with a pair oi 
collcctcrial glands which open into the ducts of the spcrmathccac. 

The queen bee in impregnated by the male or drone but once during 
herlife-tim,, during the nuptial flight, at which time the spennitoioa are 
received in the spcrmatheca and the copulatory organs ot the male are 
torn awav to remain in her genital bursa until rccoycrc y 
her return to the hive. The spermatozoa thus received may for many 
years and fertilize all the eggs she will ever lay. The ovaries of the 
female begin to enlarge to fiil the long abdomen, and >^ d ^r tNxo she 
begins to lav her eggs. The queen can control fertilization cf eggs 
Unfertilized eggs develop into genetically haploid drones or males (with 
16 chromosomes) and fertilized eggs yield diploid 
chromosomes). In the season of nectar flow a ^een iays up to iooo 
eggs per day, gluing each to the bottom of a cell. The ^rya that hatches 
is tiny and worm-like devoid of legs or eyes. For two 
fed on “royal jellv” produced by the pharyngeal 

Thereafter, drone and worker larvae receive mainly honcx and poll n. 
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but queen larvae continue chiefly on royal jelly which makes them grow 
differently and they become larger. Each larva grows and moults several 
times, then its cell is sealed with wax and the laiva wit! in spins a thin 
cocoon and changes into pupa. After complete metamorphosis it 
finally cuts the cell-cap with its mandibles and emerges as young bee. 
The time of development for each caste is standardized because of the tem¬ 
perature regulation in the hive. Queen takes 16 days 5 days as egg, 5$ 
days as larva and seven and a half days as pupa ; worker takes twenty-one 
days—} days as egg, 6 days as larva and 12 days as pupa ; whereas the 
drone takes 24 days—3 days as egg, 6i days as larva, 14$ days as pupa. 

Bees are very ancient creatures. They were fully developed in their 
present form before modern mammals had evolved from their primitive 
beginnings, long before man had become man. T he honeybee is ft 
symbol of industry and co-operation gathering food in time of plenty 
against the needs of winter. When the warmth of spring bring early 
flowers, the workers gather nectar and pollen, the queen lays 
eggs rapidly, and new workers soon swell the population of the 
colony. When the hives become over crowded the old queen with 
several thousand worker emerges ar.d flics to a new site previously located 
by worker scouts. This phenomenon is known as swarming. Before 
swarming is to take place some new queen larvae arc started in the old 
colony. I.ater one of the queen emerges, stings the other queen larvae, 
is fertilized in a matirg flight, and returns to serve the old hive in laying 
i eggs and increasing the colony. The life of a queen may last through 
three to five seasons and she many lay a million eggs in her life-time. 
Drones arc produced during active nectar flow, but, thereafter when 
brood production ceases they are mostly driven out to starve and die. 
Many of the workers live for 6—8 weeks ; these hatched in autumn 
survive until spring. 

Comb. A beautiful work in nature is a piece of honeycomb with 
its snowy whiteness and its burden of sweetness. The walls of its cells 
are so thin that from 2000 to 3000 of them must be laid one upon another 
to make an inch in thickness. Each wall is so fragile as to crumble at 
a touch and yet so constructed that tens cf honey stored in them are 
transported in safety thousands cf miles. The ccmb is made up of 
wax-scales of real bees-wax from the abdomen of a bee working at comb¬ 
building. These scales are some what pear-shaped, much more brittle 
than the wax, transparent, looking somewhat like mica. Some say they 
are white, some say pale yellow, probably both are right, as the colour 
depends upon the pollen consumed. , 

Wax is nearly allied to fats and after being secreted it is converted 
into plastic material by prolonged chewing with secretions. It is with 
this material that the comb is made. A chief use for the honeycomb 
is to furnish cradles for the “baby” bees during their brood stages. The 
cells, therefore, is made to suit different types of “babies” they have to 
accommodate. The worker cell where workers are reared and honey 
and pollen is stored are 5 mm. across ; the drone cells are 6 mm. across?. 
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serve to rear drones and for storage; and the queen cells arc large pea- 
nut-hke, open below and are built along the lower margins for'queen 
rearing. 

Honeybees alone maintain necessary temperature within their cells 
in other words, they are the only animals that achieve “air conditioning’! 
In summer months they ventilate the hive by fanning their wings vigo¬ 
rously and keep the temperature at about 33 0 C for brood rearing, and 
to evaporate excess water from honey in open cells. In hot dry weather 
they carry water in to increase the humidity of the colony and to dilute 
the honey if necessary. During cold weather, when the stored honev is 
used as food, they form a compact cluster and produce heat by the active 
body and wing movements. Such activities can raise the temperature to 
14 0 C (<7° F) or below to 24 or 50° C even when outside the hive the 
temperature is below, at or near freezing point. 

Bees have many enemies including spiders, ants, kingbirds, bee- 
martins, toads, skunks, and bears who also prefer honey. Two serious 
diseases cause heavy losses in colonies. Bee colonics arc also reduced by 
dearth of nectar and by the exhaustion cf the stores of honey in winter. 

TYPE BED-BUG 

The bed-bugs arc domestic parasites of man that normally suck 
human blood. They belong to the order I lemiplera which includes plant- 
lice, frog-hoppers, white-flics, scale insects arc! capsid-bugs, etc. Within 
the Hcmiptcra is a small rather homogeneous family, the Cimicidac. 
It includes 30-40 species of wingless brownish bleed suckirg paiasitcs^ 
mostly parasitic on birds and bats. 

There arc two widely distributed species of bedbugs which attack 

man : one is the common cos¬ 
mopolitan bed-bug, Cimex Itrlu- 
larias , specially found in all tem¬ 
perate climates, the other is 
the tropical or Indian bed-bug 
Cimex hi mip ter us (roturiatus) 
prevalent in many tropical coun¬ 
tries including Southern Asia, 
Africa, and West Indies. The 
tropical bug differs from the 
common one only in minor de¬ 
tails, such as greater length of 
body hairs, darker colour and 
more elongate abdomen. Another species C. bonoti attacks man in 
Guinea. Some species of the genus Cimex confine their attentions to 
poultry and other birds, bats, etc. # 

The bed-bugs arc old pests of man even by historical standards. 
They arc recorded from ancient Greece and China. It has been suggested 
that men gradually acquired these pests from bats and birds in prehistoric 
times while living in caves and shelters. Both species of bed-bugs are 
less specific in their food requirements and are able to live and breed on 
fowls, rabbits, mice and rats, etc. 
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General Characters. The bed-bugs have flat oval bodies and are 
devoid of wings except for a pair of spiny pads which represent the first 
pair of wings. The prothcrax nas wing-like expansions at the sides 
which grow forward and partially surround tie head. In the male the 
abdomen is quite pointed at the end, whereas, in the female it is evenly 
rounded. In unfed bugs the contour of the abdomen is almost a perfect 
circle. The eves project prominently at the sides of the head ; the 
antennae arc flexible and four-jointed,and the jointed beak is folded under 
the head, so that it is not visible from above (Fig. 440). The greater part 
of the body is covered with bristles set in little cup-shaped depressions 
which arc perforated at the bottom for the passage of muscles that move 
the bristles. Ti e bugs generally raise their bristles when they meet 
each other (Murray). The legs arc also covered by a dense set cf bristles. 
One of the most striking characteristics cf the bed tips is tfe peculiar 
pungent odour so well known (o all who have had to contend with pests. 
The odour is produced by a clear volatile fluid secreted by a pair of the 
glands of very variable size which open between the bases of the hind 
pair of legs. 

Habits. Bed-bugs are normally night prowlers and exhibit a 

considerable degree of cltv.rness in 
hiding away in cracks and crevices 
during the daytime. They try to 
keep their body surface as much in con¬ 
tact with other surfaces as possible. 
Cracks and crevices provide this. They 
3 tend also to settle on surfaces where 
other bugs have lived even if these are 
in exposed situations. They, thus, 
arc found in crowds, all stages cast- 
skins and eggs, themselves fouled by 
black and whitish dots of excrement. 

Fig. 441 . Anterior part of the As a rcsult of companionship with 
body of bed bug. ventral view, i, man for many centuries they have be- 
eyc, 2, rostrum ; 3 , legs. come quite experienced. They leave 

the bed during day time and return again at night. In natural infestations 
active roving begins usually before midnight. Bugs seldom cling to 
the skin while sucking, preferring to remain on the clothing. In 
the course of 10 or 15 minutes a full meal is obtained and the bug, 
distended fully, retreats to its hiding place. A single meal is sufficient 
for about a week, although the bug may become ready to feed 
again in a day or two. The bite of bed-bug seldom produces pain 
or swelling unless rubbed cr scratched. This indicates that their 
saliva is not irritating. Although human blood is their normal 
food, bed-bugs are able to subsist on the blood of such animals as 
rats, mice, rabbits, cats, dogs and even chicken. 

It is commonly believed that after roving the bugs habitually return 
to their resting places but experimental evidence to this is lacking, fie! 
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cause the number of resting places within quick and easy reach is limited 

it is natural that the same 
resting place may be used 
V r ) again and again. It is also 

!/\ believed that bugs take an 

1 \\ I_ , unerring course to the host 

/ ^ I even though the latter may be 

yards away. Experiments, 
• ^ 4 however, show that the per¬ 

ception of the host—which is 
Fig 442 . Bed-bug sucking blood a perception of warmth, not 
1 , head ; 2 , stylets ; 3 , rostrum ; 4, smell as far as known—does 

surtace of the host’s boiy. not occur beyond the range 

of 5 cms., and that bed-bugs will wander at random rather than in a 
directional manner in a quite small room containing the host and even 
then frequently fail to find it. 

Mouth parts. The mouth parts consist of four needle-like stylets 
lying in the long jointed lower lip or beak (rostrum). The needles are 
grooved so as to fit together along their length. They consist of a 
pair of flattened, sharp-pminted mandibles and a pair of slightly shorter 
maxillae with serrated cdg:s. The mandibles, worked by muscles 
in the head, slide independently on cither side of the two maxillae, 
which do not move independently of each other. The inner maxillary 
surfaces arc grooved so as to form two exceedingly fine channels (Fig. 
445) running along their entire length. One of these is the feeding 
channel and is connected to the pharynx. Blood is sucked through it. 
The other is the salivary channel, joined by ducts to the salivary 
glands, and is connected to a small pump beneath the pharynx. 
All these are enclosed in the trough-like beak. The beak is grooved in 
such a way that the sides of the groove almost close together, thus 
forming a protective sheath for the stylets inside (Fig. 445). 

When about to indulge in a — 


meal the beak is bent back and M — otrrt* mu 

the piercing organs, gliding up / \ ^salivary over 

and down past each other, arc / .“"m 

sunk into the flesh of the vie- I / W j.I -itandibli 

tim. A strong sucking motion I I ( - .1 

of the pharynx, into which a I ^ / 

bit of salivary juice has already \ < 'jr'' feeo '* c ° uCT 

been poured, draws blood up V j > 6R00 vc or 

through a tube made by the 'momosos 

piercing organ. , 

Alimentary Canal. A true Fig 443. Cross $ccnon of the mouth parts 
mouth is absent, 2nd the actual of the-beJ-bug. 

entrance int o the digestive tract is the aperture of the suction canal which 
is situated at the apex of the maxillary stylet. The suction canal commu¬ 
nicates with the pharyngeal duct, a continuation of the pharynx proper 
which is the principal organ of suction. The mid-gut is frequently divi- 
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sible into several regions. The hind-intestine is very contracted and 
consists of a small bladder-like chamber, often quite extensive and opens 
at the anus. Malpighian tubes arc four at their usual place, begin¬ 
ning of the proctodeum. The salivary glands exhibit a marked uni¬ 
formity of structure among Hcteroptcra, the group to which the bed¬ 
bug bebngs. The principal gland is many-lobcd and is drawn into 
main salivary ducts. There is a filiform accessor)* glar.d also rpening by 
a narrow duct into the salivary duct of its side. The two main ducts 
of opposite side converge to form a common canal opening into the 
salivarv pump, a characteristic structure of the group, that opens into 
the hypopharynx. It propels the saliva down the ejection canal. 

Nervous System. The nervous system exhibits a very uniform and 
complete degree of concentration. The abdominal ganglia, to a large 
extent, arc fused with the thoracic, though the connectives persist as the 
miin single or paired abdominal nerve which gives offlatcral segmental 
branches. 

Reproductive System. Each ovary has 7 ovariolcs which arc 
composed of a small number of follicles. The two oviducts unite to 
form a common canal as in other insects (see cockroach). There is a 
small unpaired body known as the organ of Berlesc, which is situated in 
the ventral region of the abdomen and functions as a copulatory pcuch 
which receive the spermatozoa during coition. After that the sperms 
pass in large masses through the haemocoel into the spermathccae which 
arc unconnected with the common oviduct (Berlesc). 

The male organs consists of testes, vas deferens, accessory glands 
and aedeagus, etc., as usual. 

Life-history. The eggs of the bed-bugs are pearly white oval objects, 
furnished with a little cap at one end which is bent to one side. The 
eggs are about i/2<" in length and are laid singly or in small batches. The 
ovaries hold about 40 eggs, at a time, all almost at the same stage of 
development. Often a female returns to lay more eggs in the same place 
so that batches of 40 or more may be found in the crevices where the adult 
insects hide. 


The eggs hatch in from 6 to 10 days during warm weather but are 
retarded in their development by cola. The freshly hatched bugs are 
very small, about 1.5 mm. long flat active delicate, and pale in colour. 
After a few hours it is able to pierce the skin and suck the blood, and if 
undisturbed it feeds to repletion in about three or four minutes. ' It may 
take a meal three or four times its weight and become globular and bright 
red. It needs shelter but no more food till it moults into the second 
stage. After their first hearty meal they have a much more robust 
appearance, and grow rapidly. After about five moults the adult stage is 
reached. On the whole they take about 29 days for the completion of the 
life-history. 


• Economic Importance and Control. They feed on mammalian 
blood by piercing the skin, causing, in some cases only, pain and inflamma¬ 
tion. It is one of tbe most disgusting pests of the bed. The bed-bugs 
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have been accused of the transmission of almost every form of epidemic 
disease. It is doubtful, however, if they are active or chief vectors of 
any major disease, but they appear to harbour the organisms of plague, 
tularaemia and oriental sore and under exceptional circumstances they 
may become means of their dissemination and transmission. It is believed 
that the bed-bug acts as a transmitting agent of Ka/a a%aar % a very serious 
human disease caused by protozoans in some parts of India ; and also * 
Relapsing fever (Spirochzetosis). 


W hen they are exceedingly numerous their bites prove extremely 
irritating, leading to scratching and secondary infections. The bug- 
bites are also responsible for disturbances in sleep which may become 
serious especially in children. 

Control measures in this case should be directed to the cleanliness of 
rooms, mattresses, furniture, etc., by proper repairs, cleaning and the 
necessary precautions to prevent entrance of bugs from infested beddings 
or luggage brought after a journe\, etc. Badly infested furniture and 
rooms may be made bug-free by washing with insecticides which will 
penetrate the crevices and cracks in furniture, walls, etc., or even by 
fumigation. Boiling water poured on cots kills them and makes your 
beds bed-bug free. 

W ith the advent of DDT the control of the bed-bug by common man 
has become easier and effectual. It can be sprayed on to indoor surlaces 
so as to leave a deposit which remains lethal for many months to bugs 
which walk over it. For small infested bed rooms all that is required is 4 
about } gal. cf 5 per cent. DDT in kerosene. This canbcsprayed on 
all the walls and furniture w here bugs rest or where they may walk. The 
room can be used immediately, the smell of kerosene disappears as the 
liquid dries, in about two days. 

TYPE SILK-MOTH 


The silk-moth is the insect that made the gift cf silk to mankind. 
There arc a number of moths and other insects that spin silk casings or 
cocoons to cover themselves when in the chrysalis >|?gc, cf these the 
silkworm proper pr< duces just the right quality of silk tor making the 
thread. Nature invented the cocoon tor the moth, but man I as subor¬ 
dinated the moth to the cocoon with the result that the moth has dege- 
nciaicd ard 1< si ihe pewer <f fi ght. In lrd.a silk is pre enced by 
moths belonging to only two families .the Bcmbyc.dac ardthc.atu- 
nidae Tic silkwoim per cxttllate, tl c multeity w< tm (Bmlyx e.cn) 
belongs to the family 15 . mtycidae and the family Satu.nidac includes 
the Tasrarsilk-mc th (Avthrota peptie) and I n stlk-mt ihs (Attacus mm). 
The dcscripti. n below is that cf the mulbcny silk-moth. 

The mulberry silk-moth never occurs in the wild state, it is completely 
dr mcsticatcd. As a result of domestication several strains of the moth 
have evolved ard they pr< duce silks ot diflcrcr.t vaiict.cs with respect to 
siae weight, colour, etc. licmbyx e.or, is extensively cultivated all over 
the worW and usually produces a single brood in a year (umvolt.ne). 
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Some strains, on the other hand, produce two to seven broods a 5 car 
(polyvoltine) and are cultivated in warm climates. In South Indian 
silk producing centres such as Mysore, Coimbatore and Salem such a 
strain is being extensively used. 

Adult. The adult moths arc robust and creamy white in colour 
with several faint lines across the fore-wings. This medium-sized mot»>. 
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Fig. 441, Life-cycle of the silk-moih, Bombyx mori. 

has a wing-expanse of 40-45 mm. (nearly two inches). Though both- 
the pairs of wings are appirently properly developed the moths fly very 
rarely. The robust body is fatter in the females. The proboscis is 
absent, antennae arc bipectinate in both the sexes and the body is densely 
covered with scales and hairs. The life-span of the adults is short usually 
ranging from two to three days. It does not take food during this period,, 
only copulates and the female lays from $oo to 400 seed-like whitish 
eggs ( Fi g- 444 ). 

Life-cycle. In the univoltine race overwintering takes place in the 
egg stage , as such the eggs may hatch in months. In others, however,. 
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the eggs hatch within a few days. Nowadays it is possible to control 
hatching artificially, if required. 

The newly hatched larva is rough and wrinkled, naked and whitish 
in colour. The larvae are highly gregarious and wander about rarely. 
They are phytaphagus, having mandibulate mouth parts, and feed 
voraciously on the white and bla:k mulberry leaves. They need as 

. • ... nc ainn fin*'); m Iaawac inat /t'Jir T Ka 


attains full size. The full-fed caterpillar is cylindrical, pale, yellowish- 
white in colour measuring about three inches. Behind the head there 
are thirteen segments. The first three thoracic segments following the 
head bear three pairs of 5-jointed legs each ending in a curved claw. 
Four of the abdominal segments bear paired pro-legs or “cushion feet” 
which arc unjointed fleshy protuberances terminating in a cushion with 
a semicircular scries of hooks by which the animal clings. The pro- 
legs on the last segment turn backwards to form the claspcrs. It is 
pr >vidcd with a small dorsal horn on the anal segment. The larvae have 
onlv three pairs of sinple eyes or ocelli. The antennae, maxillae and 
labial palps of the larvae are rudimentary, while the mandibles, which 
arc lacking in the adult, arc large and strong biting organs here. Project¬ 
ing from the labium is the spincrct by which the product of the paired 
silk glands is poured out. The silk glands arc long sac-like structures 
oceuoying much of the body cavity. T.acy arc the longest in Kombyx- 
mori being four times the body length and arc folded so as to envelop 
the hinder region of the gut. Their fine ducts unite and open through 
the spincrct. The silk is a sticky fluid which hardens into fine thread on 
exposure to air. The fine threads of silk arc fairly strong and pliable. The 
larva respires through trachea, which open to the exterior by spiracles 
on the first thoracic and first eight abdominal segments. When fully 
grown the larva ceases to feed and eventually pupates. 

Pupa The larval period lasts from three to five weeks after 
Which period pupation takes place. The larva stops feeding and the 
contents of the digestive canal arc voided. The larva now spins its own 
silken cocoon arolnd its body. The larva takes about three days to 
construct the entire cocoon. The outer or initial filaments rf the co¬ 
coon arc irregular, but the inner one that forms the actual bed of the pupa 
is one long continuous thread about .000 to. too feet long wound round 
n conccmric circles. During the pupal stage there has been a tremen¬ 
dous breakdown and reorganisation of organs, as well as the formation of 
new ones. The result is that the usuil division of the body into head, 
thorax and abdomen is easily recognized in pupa. 

Emergence. In the normal life-cycle pupation lasts from two to 
three weeks time, after which period the adult or ,mago emerges. For 
emergence the pupa secretes an alkaline fluid that softens one end of the 
cocoon and after breaking the silk strands, a feeble, crumpled adult 
squeezes its way out. 

Diseases. The silkworm larvae are subject to a severe hereditary 
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disease known as pebrinc, caused by a protozoan parasite, Nosema 
bombyris , and transmitted from generation to generation through 
the eggs. The caterpillars turn pale brownish and later on shrink and 
die. To protect the cultures from the disease the only remedy is to 
examine the body fluid of the mother moth. If it is free of the parasite, 
(pebrine corpuscles) the eggs may be reared, if not they may be discard¬ 
ed. Some other diseases such as Flacherie and Grasseric, etc. arc 
caused by insanitary methods of rearing and feeding, but they arc of 
minor importance. 

Preparation of Silk. About a day or two after pupation the pupae 
are killed in the cocoon by heat (drying in the sun) or by hot water and 
then the raw silk forming the cocoon is reeled out in skeins. This art 
req fires some sp:ciil skill which one learns by experience. Emer¬ 
gence is not permitted because thereby the long silk thread will break, 
and the pierced cocoons can only be spun like cotton not reeled. A few 
cocoons which are necessary for the seeds of the next generation arc kept 
to allow the adults to emerge and lay eggs. 

Economic Importance. Since the beginning of the written his¬ 
tory the Chinese silkworm, Btmbyx mri t has been the most commercially 
important beneficial insect. It is thebisis of large industries not only 
in China, Japan, India and European countries where the silkworm is 
reared and raw silk produced, but also in North America. Nowa¬ 
days the intestine of the silk worm is used in the preparation of ‘gut’ that 
is used in fishing and also for surgical works. This industry with good 
prospects is already growing in Italy, Spain, Formosa, Japan and 

CLASSIFICATION 

The modern system of insect classification dates from Brauer 1885 
which is based upon a few anatomical features such as the presence, 
absence and the nature of wings ; the mouth parts and their changes in 
ontogeny ; the course of life-history, the number of Malpighian tubules 
and the structure of thoracic segments, wings, antennae and certain 
other such features. He recognised two subclasses : (#) Apterygoge- 
nca, primitively without wings, and (/#) Pterygogenea, having wings 
or in some cases, secondarily aptems. In 1889 Sharp modified the 
system of Brauer and introduced terms Exoptcrygqta and Endoptcry- 
gota, in the latter the wings develop internally and remain internal up to 
pupation, whereas, in the former the wing developemcnt is external He 
further introduced the term Anapterygota for apterus orders that have 
become secondarily wingless. Many changes introduced by Shipley 
< ? 9 ° 4 ). Borncr (.904), HandUrsch (.908), etc., created controversies but 
the old system survived. Thus the insects are divides into two sub 
classes: (a) Apterygotaand (ii) Pterygota. These are further divided into 
29 orders by some including Imms, which is being foUowed convcnientl v 
aU over India. Some author (Essig) divide them into r^re orders bu t 
the same is not prevalent here. In Europe these days Handlirsch's 
classification as modified by Mantmov is in vogue. 
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Subsclass Apterygota. Apterous insects, the wingless condition 
being primitive, with slight or no metamorphosis. 

Order 1. Diplura (diplos, double-}- ourc t tail) are the Insecta that 
live in the soil, but also frequent decaying vegetable matter of various 
kinds ; the largest form measures up to 50 mm. long, but an average 
size is 2 to 5 mm. long. They are small eyeless mostly unpigmented 
insects with moniliform (beaded) antennae provided with segmental 
muscles. Mouth-parts are of biting type. Abdomen terminating in¬ 
variably developed ccrci or unjointed forceps no medial tail filament, 
no ovipositor present. About four hundred species are known. They 
arc p< pularly known as bristle tails. Examples of this order include 
Jo pyx, A no/dpyx , etc. 


Order ?, Thysanura (thusanos, a fringe-f oura t tail). Bristle-tails 

Adult smaller, moderate sized, wingless, 
body soft, generally covered with scales or 
hairs ; compound eyes present or absent ; 
antennae long and filiform. Mouth-parts 
biting; abdomen 11-scgmentcd with 
varying number of abdominal appendages 
—styli on the 2nd to 9th abdominal seg¬ 
ments. Anal tip bears or pair of jointed 
ccrci and a median caudal appendage. Eggs 
small, yellowish white, oval. Nymph 
similar to the adults but smaller. Metamor¬ 
phosis wanting (ametabolic). About 650 
species known. Lepisma ( Thermobid ) domrs- 
tifa (Fig. 44s), silver-fish is half to one and a 
half inch long, pearly white, covered with 
scales, and mottled with dark spots. Found 
behind books and picture frames, etc. 

Order 3. Protura {pro/os t first-f 
tail). 5 c ft bodied, minute insects, whitish in 
colour, head pear-shaped. Mouth parts 
piercirg, antennae wanting, compound 
eyes absent ; prothorax short ; abdomen 
(he Mivernjn. >° segmented first four segments with a 

S Ab*out b °o C speci« a arc^"known? Examples inelude C-p*., 

Eosen/omon. 

Ord< r 4 Collcmbola. (kolh, glue-f'wMw, a pep). Springtails. 

Small apterous insects without compound eyes. Mouth-parts chewing, 
bmaii, aptcr u . 6-scgmcnted, 1st segment with 

an'adhesive'forked organ railed ven.ral rube ; four.h segment bears a 



Fi*. 445. Ltpiimo, 
the silverfish. 
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forked springing organ; metamorphosis absent (ametaboiic) ; occur 
under decaying vegetable matter. About 2000 species are known. 
Examples are En/omobrja , Hypo&astrura and Sminthurus , etc. 


Subclass Pterygota. Winged insects which may sometimes be se¬ 
condarily, apterous ; metamorphosis very varied, rarely slight or wanting. 

Division I. Exopterygota (Hemimetabola) 

Insects passing through a simple and sometimes slight metamor¬ 
phosis, rarely accompanied by a pupal instar. The wings develop 
externally and the young are generalised nymphs. 

Order 5. Orthoptera (ortbos, straight-1-/*™* wing). Crickets, 
grasshoppers, etc. Adults usually stoutly built, terrestrial with chewing 
mouth-parts; antennae variable; venation of a generalised type. 
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Tcgmina long and narrow, hindwings membranous delicate, wingless 
forms also common. Abdcmen usually i i-segmented, usually bears 
jointed cerci. Metamorphosis slight and gradual or absent. Nymphs 
resemble adults, but differ in size and in the absence of wings. 
Common in houses and in grassy lawns, or on plants and trees in the 
fields. About 20,000 species are known. The important families of 
Orthoptera are. 

fam. acrididae. Short-horned grasshoppers. Medium-sized to large 
insects with antennae much shorter than the body, hind legs for jumping, 
tarsi 3-jointed, ovipositor small, inconspicuous; cerci 2-jcinted; auditory 
organ on the first abdominal segment. Numerous grasshoppers are 
known. Grasshoppers and locusts are among the best known insects 
and arc familiar to almost every savage or civilized person. Aboriginal 
people considered them as an important item of diet. The locusts are 
migratory wanderers that have proved destructive throughout all time. 
Some important genera include Cbrotogpnus (surface grasshoppers), 
Scbislocerca grrgaria (the desert locust) ; Hierog/jpbr/s banian, (the rice 


grasshopper). 

FAM. tettigonidae. Long-horned grasshopper. Antennae 
filiform and longer than body ; tcgmina slope obliquely downwards ; 
auditors' organs situated on the fore-tibia ; ovipositor long and swora- 

like ; tarsi Viointcd. Example : SdiitJceijhts p.cnstrcsu. The adult .n 
light, brown, stoutly built; antennae longer than body ; tip of tegm n 
rolled up on the back like a watch spring, with its anterior margin bent 
down ((f.jZrjihis sp.); legs fussorial ; ovipositor absent. 

FAM. GRYLLIDAE. Crickets. Antennae very ong, filiform; hind fe¬ 
mora enlarged for jumping ; tcgmina folded over al ‘dcmcn i: d . 
overlies the left; cerci long and unjointcd. ovipositor slcr.ccr ar. ) • 
rical, and styles generally short, tarsi }-|omtcd ; auditory_■ ague " 
fore-tibia. Examples: Cryllus domtsUaa (the hou:c- cricket) • 

Hus trtlbroctpbalns (the field-cricket) ; Cryllotclpa afruevs (the mole 


cricket), etc. 

genitalia is asymmetrical. Cerci long and g 
Crylloblatta campodtiformis , Galloisina , etc. 

' Order 7. Phasmida. (Gr. pbasm*, an ■ppantion). This order is a 
group of predominantly tropical msec's including t wj(h slcn . 

insects. They arc large aptcrus or winged insects f 9 / Iouth parls 

dcr elongate body mere rarch dc P rt c anc j mC tathorax usually 

are mandibulatc. Prothorax is short but mc ° a " 1 m , ralher widely 
elongate. Legs similar to each other, coxae, small and 
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separated, tarsi almost always 5-segmented. Ovipositor concealed, male 
external genitalia variable and asymmetrical, concealed. Ccrci short 
unsegmented. Metamorphosis slight. About 2,000 species are known.. 
Examples: Pbyllium crurifolium, the leaf-insect of Oriental region; 
Carausius morosus , the stick-insect. 

Order 8. Dictyoptera. Cockroaches and Mantids. Medium or large¬ 
sized insects with almost invariably filiform many segmented antennae. 
Mouth parts of the biting type. Legss imilar to each other or forelegs rap¬ 
torial, coxae large and rather closely approximated, tarsi j-segmented. 
Fore wings modified into more or less thickened tegmina. Ovipositor 
reduced and concealed in females. Male genitalia complex. Ccrci many 
segmented specialized stridulatory and auditory organs absent. Eggs 
contained in ootheca. Formerly they were associated with Orthoptera, 
but now they arc separated as the above order. They include two dis¬ 
tinct homogeneous groups. The cockroaches (suborder Blattaria) and 
the maniids (suborder Mantodca). They arc essentially terrestrial though 
some scmi-aquatic cockroaches arc known They do not fly well and the 
wings of many species arc reduced or absent specially in the female. 


Suborder Blattaria. Cockroaches. The Dictyoptera in which the 
large shield-like pronotum nearly or completely covers the head from 
above. Two ocelli usually represented by the fcncstrac. Gizzard is 
provided with powerful masticatory armature. Forelegs not modified. 
Examples : Walt a crienla/is, Ptrip/atie/a americana , hlatttUa gtrmanica , 
Pancblora (bright pale green tropical species); Noctico/a- (cave-dwelling 
form), Attapbi/a (myrmecophilous, ant eating form). 


Suborder Mantodca. Praying mantids. The Dictyoptera in which the 
pronotum docs not extend over the head, three ocelli present, gizzard not 
powerfully armed and the forelegs are raptorial. Adults carnivorous, 
generally winged, when resting assume the praying attitude. There arc 
about 1800 species. Mantis nligiosa ; Pjrgcmantis, Miomantis etc. arc 
notable examples of the suborder. 


Order 9. Dermaptcra (dermc,sV[n+ptcron t wing). Earwigs or 
Clipshcars. Adult elongated with slightly flattened body ; elytra trun¬ 
cate, apterous forms common ; mouthparts chewing ; antennae 10-15 
jointed, half the length of the body ; eyes circular ;' ocelli absent; tarsi- 
3-jointed ; abdomen n-segmented, last segment armed with 2 large 
unjointed and horny forceps ; ovipositor absent, wings 4 , shorter than 
the abdomen, fore wings modified into leathery tegmina, hind wings 
large, car-shaped and membranous with veins radiating from the middle 
of the front margin ; metamorphosis slight or wanting. Nymph wingless 
n younger stages, liable to be confbsed with Thysanura ; advanced sSges 
however, simi ar to adult Common in houses, fields, amongst decaying 

vegetable matter etc. About. 1,000 species are known Examnlet 
Na/a lividip's and Forpcula, etc. . *nown. examples 

' Order 10. Plecoptera (pltkein, ? to fold-f-/>*™ wing) Stone- 
flies. - Body soft, antennae long and setaceous ; compoundeyes and 
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three ocelli present, mouth parts chewing ; wings fouif membranous 
and held Hat on the back during rest. Abdomen with long cerci. Nymph 
aquatic, with long antennae and cerci, with tufted tracheal gills. # About 
700 species are found. Per/a sp. is a common example. 

Order it. Isoptera {isos, cqual+/»/er</«, wing). The termites 

or white-ants. Social or 
polymorphic insects living 
in colonics composed of (1) 
reproductive winged (mac- 
roptcrous) ca>tes; (2) repro- 
d u c t i v e (brachypterous 
or complemcntal) castes, 
nymph-like, with wings as 
wing-stumps incapable of 
flight; (}) reproductive 
wi iglcss castes, worker- 
like' and wingless; (4)» 
worker castes ; (5) soldier 
castes. In winged forms 
wings similar in shape, being 
1 >np and narrow, and during 
rest are liid flat on the 
back; legs of the ambulatory 
tvpc, abdomen 10-scgmcnt- 
cd, broadly-jointed to the 
thorax and at its caudal ex¬ 
tremity carries two cerci, 
each 2 to 6 -jointcd, and two 
anal stvli. Metamorphosis incomplete in winged forms but wanting 
in sterile forms. About 2,600 speeies oeeur. The termites are quite 
interesting, and destructive among insects. They cons r 
in wood and in the soil and build huge mounds_ 

Those in contact with man destroy portions of wooden b “^ d ’ funK i 
furnitures, etc., causing great loss Seme are known ^ulturefung. 
for food in the specially prepared beds in their nes . • 

wholly underground or entirely or partly above grou Ttrats 

case even aerial nests are constructed. Menier*ts Calottrmts 

oh',us. Ihmiltrmts. CopioSermts, L'ucoUrm'S, Ttrmpsu , Lalot'rw', 

Mastoterrr/(S t etc. . 

Order ,2. Zoraptera. (Gr. *», pu"+‘P '‘™■ . wing. “,h 
very small order of minute apterous or wingedinsect£ ^.segmented 
parts. Antennae are ^segmented mond form d and 

eyes absent in apterous forms winged forms P os * cs , r<y „ r \ han the hind 
ocelli, wings long and slender, fore pair 

pair. Winjs can be shed. ^ 

tamorphosis. The order has a single f ™ 1 y i SD ? C imcns all wingless 

genus Zorotypus and about 12 species. The first specimens b 
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were collected in West Africa. Others reported from North and South 
America, Java, Sumatra, Ceylon and Hawaii. 

Order 15. Embioptcra (genus Embia+pferon , wings). Elongated 
with long, jointed filiform antennae, head without epicranial suture, ocelli 
absent, mouth parts chewing. The protarsus is greatly swollen to accom¬ 
modate silk spinning glands. Female apterous and larviform; genitalia 
in male asymmetrical, cerci small two jointed. \\ ings in male two pairs, 
thin, smoky, radius greatly thickened, other veins vestigeal (reduced) 
female wingless. Metamorphosis gradual in male, absent in female. 
Nymph resembles the adult, but is smaller and wingless. About 140 
species occur. Embia is a example. 

Order 14. Psocoptcra (gcr.us Psccns+Ptfron wing), kook-lice, 
having about 800 species; is divided into 2 suborders, (a) Zoraptera— 
small Psocoptcra with moniliform antennae ; prominent protho¬ 
rax and short unjointed cerci ; maxillae normal. Example Rolalypttr 
(b) Psocida arc the Psocoptcra with long, filiform antcnrac ; protho¬ 
rax much reduced ; cerci absent. The head reduced with triangular 
frons, and very well developed clypcus. The maxilla is provided with 
a rod-like rasping organ ; maxillary palps four-jointed; labium with 
reduced labia! palps and glossac ; hypopharynx with lingual glands; 
chitinizcd plates on ventral aspect and superlinguae on dorso-latcral 
aspect. Nymph resembles the adult, but is smaller and wingless. Ex¬ 
amples : Atropos pulsatoria ; Psocus. 

Order 15. Mallophaga, bird-lice. Adult with mouth-parts of a 
modified chewing type ; meso- and meta-thorax sometimes not distinct ; 
tarsi one or 2-joincd, terminated by a single or paired claw. Thoracic 
spiracles ventral. Found mainly on birds but quite a number live on 
mammals. 

They arc small, flat-bodied, active insects entirely adapted for an ecto- 
parasitic life. Legs fitted with claws to enable them to pass rapidly 
through hairs and feather of the host. Some cling to the feathers by 
jaws. They feed upon hair, feathers, epidermal scales and often become 
very irritating to host. They are widely distributed and about 2500 
species are known. Examples Menopon , G/inico/a, Menaeantbtu , Myrsideo 
Triclodec/es (on dop^Felicola (on cats) Bovico/a (on bovine cattle). 

Order i 6 .'-" 1 >iphunculata (Anoplura of some authors) ; sucking lice. 
Adult with mouthparts highly modified for piercing, sucking ; retracted 
within the head when not in use; thoracic segment fused; tarsi one-jcint- 
cd, claws single; thoracic spiracles dorsal. Occur on mammals. These arc 
exclusively blood sucking ectoparasites of mammals of which about 225 
species are known . They are quite homogeneous and form a distinct 
group both in appearance and habits. Species infesting domesticated 
mammals have been taken to all the parts of the world. They arc cer¬ 
tainly as old as the human race. The best known species is Pediculus 
36 
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bum anus, the common louse of man. It has two races: P. hum anus 
capitis is the head louse and P. bumanus corporis ( les/imtnfi ), is the body 
louse. Haema/opinns asini, the sucking horse-louse, H. curystcmus , 
the ox louse, H. suis , the hog louse, Polyplax spinulosa thespined rat louse 
also occurs on cattle, linognathus ovillus, the sheep louse L. stmpsis , 
the goat louse, etc. are good examples. 

Order 17. Ephemeroptera (May-flics). Adult soft-bodied, short¬ 
lived insects that are attracted to light ; moult once before maturity. 
Mouth-parts chewing (rudimentary) ; antennae small, setaceous; 
abdomen 10-scgmented, cerci very long, usually with a prolongation 
of the same length between them ; wings four membranous with nu¬ 
merous longitudinal and cross veins, hind-wings considerably smaller 
than fore-wings, held at right angles to the body during repose; legs weak, 
not used for walking ; forelegs longer than the middle and the hind pair, 
metamorphosis hcmimetabolic. Nymph (naiad) campodeiform, ive 
in water and breath by means of abdominal tracheal gills, mouth-pan. 
chewing ; cerci long, median caudal prolongation usually present» “? 
terminate in a single claw. Occur near lakes and streams. Abou : ij 
genera and 1,270 species arc known. Examples: Ephemeravug » 
C.aenis , Epboron , Campsnrns , etc. 

Order 18. Odonata (odons gen. odontos , a tooth). Dragon-flies 
and Damsel flies. Mead well-developed and freely movable (can rotat 
through an angle of 180 degrees) ; compound eyes large, meet on in 
head in Anisoptera, widely separated in Zygoptera ; ant ™ na ^ 5 ' 
jointed, flagellum bristlc-likc ; mouth parts mandibulatc and 
thorax, and the sterna and terga of the wing bearing segmen s , 
reduced ; legs shifted forward towards head, has a 2-jointcd trochan¬ 
ter and a vestigial pulvillus which may be absent. Four mem 
and n:t-vcined wings, which are similar in shape and y 

in Zygoptera and dissimilar in shape without a basal sta in . 

tcra. W ing venation very characteristic in the group. an 

(naiad) has chewing mouth parts ; labium in the form ^ 

extensile and prehensile mask. They live in ponds, etc., an . $ 

mosquito larvae, etc., which arc seized by means of this mas ‘ , 

occur near ponds, streams and stagnant pools, nymphs in wa . 

5co genera and 4,500 species are known. 

Sub-order (a) Anisoptera (Dragon flics) Sturdy built, powerful 
fliers, wings kept horizontal to the body dur.rg t“t; Hind ^ 
broader than fore wings near the base ; compound c > cs c ° n J t ,. c 
on the vertex of the head. Eggs laid on the plants ; nymphs brea . 
through rectal tracheal gills. Pant ala ; Anax ; Aescbna. 

Sub-order (b) Zygoptera (Darnel flics). ^''^^"v-base"; 

fore and hind-wings of the same size and shape h g h 

wings lie flat or stand erect back to back “like a butterfly «£cr 
abdomen ; compound eyes project from the sides . j Eggs 

do not meet at the vertex of the head, but are widely separated. *gg 
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inserted in the stem of water plants ; nymphs breathe by three leaf- 
like caudal gills. Examples include Ca!oJ>/erjx t Les/es ., Agricn , etc. 

Order 19. Thysanoptera (tbusanos, a fringc-f -p/tron, a wing) 
Thrips. Small brownish or black, insects whose body is elongated, 
antennae 6-9 jointed, inserted close together. Mouth-parts rasping, 
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Fig. 448. Odonaia—emergence of a dragon-fly from pupa. 

sucking, cone-shaped, asymmetrical; prothorax well-developed. Tarsi 1 
to 2-,ointed, each with a terminal protrusible vesicle. Maxillary and 
labial pa Ip very small. Wings two pairs, narrow with greatly reduced 
veins and fringed with long marginal hairs. Cerci absent. Occur on 
leaves and flowers of plant. About i,6oospccics occur. 77 ,r/>c Tat- 
Tuotbnps are good examples. y 

Order 20 Hemiptera (A'*i, half +p, t ron, a wing). Bugs. The 
order Hemiptera or Rhynchota includes about 50,000 species and 
is the largest among the Exopterygota. It is divided into two main 

fnd U H S omoptcra tCn “ S ' parate orders > the Heteroptera 

Sub-order (a) Heteroptera Adult stoutly built, often coloured; mouth 
parts ptereng and sucking, beak projecting from the front part of head 
eyes compound, ocelli present ; female genitalia conspicuous or con¬ 
cealed ; pronotum large, sometimes spined, mcsothoracic scuteUum 
prominent ; wings two pairs fore-wings (hemi-elytxa)-with thdr 
basal half horny and distal half membranous-lie flat over the back 

during rest wuh tips overlapping ; legs usually of the running type met 
thoraciclegs modified for swimming in aquatic forms, tarsi, toa-j oinked 

abdomen ..-segmented, but 8 segments usually ’visible ; n^amor- 
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phosis incomplete. Adults occur on vegetation of all kinds, nymphs 
found along with their parents. There are as many as 43 families (accord¬ 
ing to Essig). 



A B 

Fig. 449 . PUnt lice. A. wingleo and B. winged form, of par.henogeoe.ic 
females. * 

This group includes many important pests. Missus 
Chinch bug (Fan, Lygacidac), of .he United States is a serious pest 

of wheat and other cereals. 

Djsi.ro, r, the cotton strainers, (Fam. Pyrrhocondaelarecommon 

cotton pests of the tropics. The giant water bugs (Fam. Belostomi^. 
the water scorpions (Fam. Ncpidac), the: ba - ' ( ( ^ 

Notonectidae); the water boatman (Fam. «*** h , vc 

aquatic or semi-aquatic Hcterophera. Some (ram. R ' g 

acquired the habit ‘»f sucking body fluids of insects -d other^ 
animals. The reduvnd 7 natoaa is a blood-sucker o other 

hetuhrius (Fan. Cimicidae) is another bug that ^ swallows'. The 

species of this family occur on bats poultry ^d swallou 
famous stink bugs (Fam. Pcn.atomidac) also belong here. 

Sub-order (b) Homoptera. Adult* cxcep^ 
small insects ; mouth parts picrcmg-suck ng thelab « ^ occlli 

on the head or even between ** liris ,£ ; wings four, 

present; antennae 5 to s-jointcd \\ith a s ^ll cn , and harder, 
held sloping over the abdomen during rest, tron p- K I 

Sd Jafr wider, females --f some ,*%%£££&^5 pointed'; 
one pair of wings; coxae of the ront loRS t<»aach al ' c ;caks undergo 

*** «* vegetation of all kind, nymphs 

generally found along with their parents. 
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The Homoptera are known for three characteristics: they discharge 
sugary waste product or ‘honey dew’ from the anus, notably in aphids ; 
they excrete wax either in powdery form or as threads ; and they lodge 
a peculiar tissue, the mycetom, in the abdomen, which harbours sym¬ 
biotic micro-organisms. Among the families of Homoptera the cicadas 
(Cicadidac) are well known for the shrill sounds produced by the males ; 
the lantern-flies (Fulgoridae) are large tropical insects known for 
brilliant coloration, the froghoppers (Cercc pidae) arc small insects 
whe se nymphs live within a frothy exudation, protective in nature ; the 
leaf-hoppers (Cicadellidac or Jassidae) suck the sap of plants and some 
(beet-leaf hopper) transmit virus causing plant diseases ; and the white 
Hies (Aleyrodidae) have their bodies and wings covered with powdery 
wax. 



Fig. 450 . San Jose scale {Aspidiottu ptmieiojus). i, female ; ii, male ; iii, scale on 
a plant. 

The largest family of Homoptera is that of the aphids (Aphididac) 
commonly called the plant lice or greenfly. They all pass through a 
more or less complex life-cycle on one or more plants. Alternation of host 
plants may also take place. Some forms reproduce parthenogeneti- 
cally and some sexually. The aphids produce large amount of ‘honey 
dew* on which the ants feed. The grape phylloxera. Phylloxera , damages 
roots ; the corn root aphis, Anuraphis maidi-radicis , destroys roots of corn 
and Aphis gossjpii , the cotton aphis is pest of cotton and other plants. 

Another important family is theCoccidae including the scale insects 
and mealy bugs. They are the most modified among insects and 
show sexual dimorphism of extreme type. In the scale insects a 
hard covering called scale covers the body while in the mealy bugs 
the insect is covered with a fine waxy exudation. Many of the 
coccids arc important pests. The mussel-scale {Lepidosaphes ulmi) the 
San Jose scale {Aspidiotus ptrniciosus), the fluted scale (Ictrya purchase) 
and the citrus mealy bug {Pseudococcus citri) are the more important 
pests. Some of the scale insects on the other hand are useful. Coccus 
cacti, for instance, yields cochneal and the Indian lac insect Laccifer 
lacca is one of the most valuable insects known. It produces lac provid¬ 
ing commercial shellac and thrives on the native fig and banyan trees 
The bodies of the females are covered by copious exudation of lac.' 
They are in such a large number that they cover the twigs of the host 
plant completely at places. This lac is pruned off the twigs, melted off 
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in boiling water, refined and prepared for he market as shell-lac or 
shellac. 

Division II Endopterygota (=Holometabola) 

Insects passing through a complex metamorphosis always accompanied 
by a pupal instar. The wings develop internally and the larvae arc usually 
specialized. 

Order 21. Neuroptera ( neutron , a nerve-f pteron, a wing). Lace- 
wings, aphid-lions, ant-lions, etc. Adult small or large, mouth-parts 
chewing, antennae generally long and filiform, wings four, leaf-like, nct- 
veined, of nearly equal size, held sloping over the abdomen during rest, 
branches of veins prominently bifurcate at the margins, legs short, tarsus 
5-jointed ; metamorphosis complete ; larva predaceous on aphis, coccids, 
white Hies, etc., common on vegetation infested with aphids, coccids, 
etc. Cbry'fopa sp. — (Uccwing fly). 

The Neuroptera have about 4,500 species and are divided into two 
suborders Megaloptera and Planipennia. The Megalcptcra (separated 
bv some authors as an order) is a relatively small order containing about 

500 species including older flies (Sialis) and alii s that have aquatic larvae 
with seven or eight pairs of hair-fringed abdominal appendages. Lory- 
Mis occurs in Northern India and attains a wing expanse of 15 cm. with 
gigantic mandibles in the male. The snake-flies (R aphid") have a long 
neck-like prothorax and an elongited ov.positor, their larvae liveundcr 

bark of conifers, etc. 

The majority of Neuroptera about 4,000 species belong to Planipennia. 
This is divided in several families including the Hemerobndac f 
brown lacewings) and Chrysopidac (the green lacewings). The larvae of 
these destroy Urge number of Homoptera and other ins.cts. 
of Myrmeleonidae are called ant-lions wmmonly m. ike pit like 
snares for capturing their prey. The larvae of Acalaphidae lurK unu 
stones on leaves or on trees The Mantispidae are predators and resc - 

ble mantids. 

Order 22. Mecoptcra {mtkos, length+ 6/r««, wing), ^orpion- 
flies Maxillae and labium produced into a broad snout at the 
„f which are the chewing mouth-parts ; antennae dong * - ^ 

;s —-5 .p T a. 

( i add t mixiila- sSll lobed whh elongate pSpi, labium with. a median 
^sa and web developed palpi; antennae long, setaceous ; wings four. 
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membranous, more or less densely hairy, held roof-like over the back in 
repose, fore-wings elongate, hind-wings broader with a folding anal 
area, tarsi 5-jointcd, tibiae with spurs; metamorphosis complete, larva 
aquatic* more or less cruciform with three pairs of long thoracic legs, 
and one pair of prolcgs; lives in a case; pupa exarate aq latic, also lives 
in a case. Found on plants near water generally on the hills. Example : 
HjdropMa , Phryganea , etc. 

Order 24. Lepidoptera (Gr. hp'uhs , a scale +ptfron t a wing). Moths 
and Butterflies. The Lepidoptera are fimiliir flying tcrrestriil inscc s 
of small to very large size. The body, wing and other appendages arc 
usually completely clothed by flat overlapping scales. The mouth parts 
modified into a specially coiled suctorial proboscis. Mandibles rarely 
present. Compound eyes large, ocelli two or absent;. antennae variable. 
Wings, two piirs usually present, rarely vestigial, the fore pair often 
largest. Larvae terrestrial, polypodous and phytophagus. Pupae, free 
or obtcctcd usually in cocoons. About 140,000 species arc known. 


It is a large order having as many as 140,000 species with varied habits 
and life-histories. Adult butterflies and moths 
arc among the most delightful and pleasing 
objects of nature and have long been of great 
interest to mankind. The adults feed upon 
nectar, over-ripe fruit, honey dew, etc., while 
their larvae feed upon every part of plants, 
leaves, roots, seeds, wood. Most of these are 
quite destructive feeding on our crops, orchards 
'and gardens. Some members (Family Saturnii- 
dac) yield silk of commercial value. 

The Lepidoptera arc divided into three 
suborders: Zcugloptera, Monotrysia and Ditry- 
sia, which arc divided into several superfami- 
lies and families. 



Fig. 451. 
of butterfly. 


Mouth parts 
1. eye ; 2, 


Suborderi. Zeugloptera. The Lepidoptera __ _ r M t 

in which the adults have functional mandibles, labial palp ; 3 , maxilla, 
lacinia developed, galea not haustcllate. These arc the primitive 
Lepidoptera with one family (Micropterygidae) having a few species 
only. Examples Micropteryx, Sabatinca, etc. 

Suborder 2. Monotrysia. The Lepidoptera in which the female is 
provided with one rarely two, genital apertures on sternites IX. Wings 
nearly always aculeate. This has four superfamilics (Imms) of which 
only the swift-months (family Hepialidae) are important. The mouth- 
parts in these are vestigial as in the genus Hepia/us. 

Suborder 5. Ditrysia. The Lepidoptera in which the females 
have a copulatory pore on stetmte Vin and an egg-pore on sternite IX. 
Fore wings without ,uguni or fibula hind wings often with frenulum, its 
venation reduced. This suborder include nearly 95 per cent, of the order 
and includes a large number of families and superfamilies. Of these 


s 68 


A TEXT BOOK OF INVERTEBRATE ZOOLOGY 


the Cossidac (goat moths)ha vc the most archaic venation; the Pyraust- 
idae include the een tn A.ntrofiis and Hjdrocampa whose larvae are 
aouatic • the Pterophcridae (or plume moths) have deeply fissured ; 
Jinas ; and Tineidae arc an extensive family of varied blv » 1 ^its; 
this also includes the clothes moth. Other notable groups are he Geome- 
iridac whose larvae are loopers, theSphingidae or the hawk-moth and 
the Noctuidae the ercat family of owlet moths. The family Saturnndae 
ire characterized b\' dense silken cocoons, which arc of commercial value 
,n som" cases and produce silk. The oriental atlas moths, At/aeiis with 
1 ° whig” expanse of a, cm. is notable genus of this family, Another 
fa mil v the Bombycidae includes Bombjx mon a native of China, whose 
larva is well known as the "silk worm”. The superfamdy Papilionoidea 
includes butterflies distinguished by clubbed antennae and the absence 

of a frenulum. . . 

Order as Coleoptera (Jkolttt, a sheath +/>/tro», a wing). Beetles. 
Minute to lar'c robust with compound eyes, body highly chitmized. 

5«i ssssSsgsas 

. pecies rank as the largest order in the animal kingdom. 

Tv,« hectics have successfully occupied the land and have more 
iT rrivelv met the diversified requirements of habitat and climate, h \ 

M srjsttSsSr xn 

Adephaya, Archostemmata and Polyphaga. 

Th. toT S"* 

f mflv "the Caraboidea that includes mainly predators both as adults 
Ind larvae The large families carabidae (the ground beetles) and 
and tan ae i b beetles) include most of the terrestrial forms. 

Fam"? Dytiscidae includes the aquatic caraboids and the famtly Gyr.ni- 
dae includes the anomalous whirligig beetles. 

• „ Ammafa arc the Coleoptera in which the distal part 

- s afTtes isr-JWA. ■ ss 

r,th about ao species found in both hemispheres including 

^^e Polyphaga are t^optem in which the antennae^are 
^th^^fS^Urvaeare of different types but 
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are devoid of tarsi and have single claws. The rove beetles (Staphy- 
linidae), the carrion beetles (Silphidae), etc belong to the Super fan, d> 
Staphvlinoidea. The Diversicornia arc ill-defined group of mer 40 
families. The Coccinellidac (lady bird beetles) are mostly beneficial, 
their larvae and adults prey largely on aphids. The fairuly Dermcstidac 
or larder beetles have densely hairy larvae The Hydrophilidac 
includes aquatic or subaquatic beetles, as well as terrestrial forms, with 



Fig. 452. Beetles 


urcatlv elongated maxillary palpi. The Elateridac include the tropical 
••tire Hies” and the more numerous click beetles, whose lar\a;, or ‘wire- 
worms’ arc destructive root feeders of crops. The Buprestidae arc 
metallic green or blue creatures, their larvae arc legless borers living be¬ 
neath the"bark of trees and characterized by their greatly widened protho¬ 
rax. Family Tenebrionidae includes the mealworms ( Tenebrio) and 
flour beetles ( TribojiiwX £*d Mcloidae includes the blister beetles whose 
blood usually contains a caustic or blistering zgent termed can tbaridin. 
They belong to the superfamily Herteromera. The superfamily is the 
largest and includes the largest family Chrysomelidae or leaf-beetles 
with more than 30,000 species. Some members of this family, such as 
the asparagus beetles (Crioceris asparagi), the flea-beetles {Phyl/otreta, etc.) 
and the Colorado potato beetle ( Lepfino/arsa decemlineata) arc destructive 
to crops. The Cerambycidae or longicorns include most other 
Phytophaga. They arc forest insects whose larvae bore into the trees. 
The superfamily Rhynchophora includes beetles whose head is usually 
drawn out to form a rostrum. The family Curculionidae (weevils) 
includes over 70,000 known species. The rostrum is used to bore holes 
in the medium in which the eggs are deposited. The grain weevils 
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Fig. 45 J. A. dung beule ; B. the grain weevil. 




iCahndra). the cotton boll weevil (Antbonomus .rW//). the pine weevil 
, ily'obins'ebitiii) btlorg here. The bark beetles, Scolytidac, rank as 
major forest pests. The superfamily Lamcllicorn.a includes beet cs. 
■that can be easily recognised by fossorial f.»relcgs and an antenna club 
formed of plate-like components. The stag beetles (Lucanidac) the 
chafers and dung beetles (Scarabacidac) belong to this Superfamdy. 


Order 26. Strcpsiptcra ( slrtpsii , a twisting +p/mn, a wing). 
Male degenerate free living with sulked eyes, flibellatc antennae, 
mouth-parts degenerate, chewing ; wings 2 pairs, fore-wings reduced 

o small clubbed structures called pscudohalteres hind-wings large 
fan-shaped ; female larviform, endoparasit.c apodous with head and 
thorax P fuscd, eyes and antennae atrophied ; mouth-parts vestigial , 
,. c Pyrillcxtns (omptlus, parasitic on sugarcane Pynlla. 

‘- Order 27. Hymcnoptera (hym.n, a membranc+p/rre,, a wing). 
Sawdies Ants, Bees, W asps, etc. Minute to moderate-sized insects with 
membranous wings, the hind pair is the smaller and connected with the 
fore'pair by hook lets. Venation of wings is spec.a hzed by reduction 
Mouth parts are modified for biting and licking. Abdomen with first 

segment fused with thorax. A sawing of piercing ovipositor is present. 
1 an-ac usually with many legs sometimes without legs and pupation 
ukes place generally in cocoons. These are mostly soc ,,1 insects living 
n colonies, and individuals are polymorphic being made up o 
sevc al castes- workers, soldiers, kings, queen-, etc. The Hymcnoptera 
confer many benefits upon man. Bees are important p .ll.natms of fruit 
" ces and other plants and the hive bees yield honey. The parasitic 
I vnaenoptera destroy myriads of injurious insects Many produce larvae 
ilt defoliate plants (r.y., larvae of savvfl.es) and then there are boring 

.arvae of wood-wasps that bore into plants and damage them, (for l.tc- 
•cycle see page 5 46). 
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This is one of the enormous orders including about 120,000 described 

SKChich !ndul s h r x S«‘ The Cephal/dae includes the 
stem saw-flies whose larvae bore into the stems of graminaceous and 
other plants The Siricidac or wood-wasps tunnel into the wood of 
trees The remaining families include the true saw lies, their oviposi¬ 
tor acts as a sTw to cut notches ,0 place the egg in plan, tissue 

The Aoocrita include the rest of the Ilymenoptera J h = abdo ' n:n 
in this case is stalked or constricted at the base. Some °f *j>esc (Acu- 
Icat,) ar; winning forms such as the ants (Formicidae), wasps (Vcspidae) 
soliury digging wasps (Sphccidac), bees (Apidaa), etc. The larvae of 
true wasps are carnivorous and in some they parasitize on other insects 
The solitiry digging wasps feed their larvae on paralysed insects of 
vati »us orders and spiders. The bees feed their brood on pollens and 
honey. The Apidac and Bombidac (bumble bees) are social insects. 

Other members (Parasitica) of this suborder are ctco- or endopara- 
sites of other insects. The ichneumon flies (superfamily Ichneumonoi- 
dea) arc the largest of these and parasitise caterpillars of Lcp.doptera 
Others are small to minut: and some of these (Cympoidea) produce galls 
and a n imber of these arc pansitic on Diptera. Another superfamily 
t ic Chalcidoidca, includes parasites and hypcrparasites except tor a small 
number that form galls. The Prototrypoidca include many minute egg 
pirasitcs. 

Order 28. Diptera (if, two Arpteron, a wing). Moderate-sized 
to very small insects with a single pair of wings, hind pairs being modified 
into halters. Mouth pirts for sucking or for piercing also and usually 
form a proboscis. Larvae are worm-like , terrestrial aquatic or parasitic. 
Pupa formed without cocoon. Most flies are diurnal and many visit 
flowers for nectar, while numerous others feed upon decaying organic 
matter and diverse fluid substances. There is also a number of flies that 
are predators on smaller insects or have acquired blood-sucking habits. 

This order includes over 64,000 described species. Structurally they 
are the most highly specialized among insects surpassing even Hymenop- 
xcra. The Diptera have three suborders, Nematocera, Brachyccra and 
Cyclorrhapha. The Nematocera have many jointed antennae artf 
include such forms as the crane-flies (Tipulidae), midges (Chironomidae), 
the larvae of which (the blod worms) have haemoglobin dissolved 
in the blood plasma, and mosquitoes (Culicidae) which are slender insects, 
the female of the’majority of which can suck the blood through Verte¬ 
brate skin. The buffalo gnat (Simuliidae), the fungus gnats (Mycetop- 
hilidae) and the gall midges (Cecidomyidae) are other members of this 
suborder. 
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The Brachycera include many families rf stout-bodied flies among 
\vl i:h the females of the Tabanidae (horse-flies) are blood sucking and 
the Asilidae (r< bber flies) are predators on other insects. 


tig. 454. Drosophila, known for it* 
fecundity is the well-known fly u:e<l in 
many experiments 


The Cyclorrhapha include all 
the other Diptcra with 5-jointcd 
antennae each with a dorsal bristle- 
like arista. Most of the fami¬ 
lies possess a ptilinum, the Syr- 
pliidac (hover-flics), however, are 
without ptilinum. The Trypanc- 
idac (fruit flics) include destruc¬ 
tive larvae that bore into fruits. 
The pomace-flies (Drosophillidae) 
have saprophagous larvae, while 
those of warble-flies and bot-flies 
(Ocstcridac) are endoparasites of 
mammals. The house-fly and its 
allies belong to the Muscidac. 
The blood sucking stable-flics 
( Stonoxys) and the tsetse-flies (G/ovi¬ 
va) also belong here. The Hip- 
poboscidac are viviparous and 
live, as adults, as blood-sucking 
parasites on birds and mammals 
(/ lippopf'S^ and Me/opbaeus). 


Order ao. Aphanipicra not apparent +/*£».*' 

Very small, apterous laterally c, n ’P rc ^f ut 'h parfs arc.tf the piercing and 
parasites ot warm-blooded animals . P sj]kcn cacoons . T hc 

sucking type. Larvae worm-l.kc pu^ c« d >nd not dors.,- 

Aphaniptcra (or S.p h onap.e.a) areJater ^ P ^ an|cnnJC Jrc sh „ r , 

vent rally flattened, hves arc r rcc p ica$ arc covered with a tough 
}-jointcd organs reposing .nsroo ■ The human Ilea, 

, uticlc and the legs are adapted ot ^ g inchcs . A || fleas are 

I’n/rx irrilaiis, is known to p . mammals and rarely exceed 

I lood sucking ectoparasites ot “J icular hosI . The rat- 

1 mm. in length. I sua ' .n man and transmits bacillus of bubonic 

‘lea, \inopsyha ibroprs migt an The ct»gs of fleas arc normally 

plague which affects both The larvae arc whitish worm- 

laid in haunts or .In hnnen-ouihr^ and funk 

. .f fleas arc known. _ , v . cnrT f 

CENF.RAL NOTES ON INSECTS 

» . . i n c e cts As the earliest know n insects were fully w inged 
.,,efpS”o clueas to their origin. However, several theories have 



PHYLUM ARTHROPODA 


575 


been proposed, based upon the studies on comparative morphology of 
inse:ts, other arthropods and annelids, and these theories derive insects 
from different sources, (i) The Crustacea theory derives them from forms 
resembling the zoca larvae of the higher Crustacea with three pairs of 
appendages on both the held and thorax ; or from other Crustacea that 
resemble the young of some thysanurans. It is presumed that the crus- 
tacean forerunners migrated to land and there evolved inti primitive 
wingless forms. (2) Some authors derive them from the Trilobita, the 
extinct class of pihcozoic marine forms with thrcc-lobed body. This 
view maintains that the earliest insects were winged and have originated 
from extinct Palaeodictvoptera which were dcrivcj from the trilobitcs. 
0 ) The insects have also been derived from the polychictc worms (An¬ 
nelida) because of the resemblance of the pleura and thoracic appcndag:s of 
insects to the parapod : a of p dychactcs. '4) Finally there i. the Symphyla 
theory that derives the insects from the Symphyla which possess the 
essentia 1 structural features required of an ancestor of the Thysanura. 
This theory is regarded as more probable because it is accepted by 
all that the ancestors of insects were many legged animals like the 
Symphyla. 

Number oflnsccts. It is estimated that 75 per cent of all theknown 
kinds of living animals are insects. Their estimated number ranges be¬ 
tween 2,500,000 to 10,000,000, probably the latter being more nearly 
correct. Fully described species number 680,000 or more and more arc 
being discovered, explored and established even" day. The insects are, 
thus, the most abundant and widespread of all land animals being the 
principal invertebrates that can live in dry environments and the only ones 
that can fly. 

Habitat and Food of Insects. Insects abound in all habitats 
except the sea, various kinds are adapted to live in fresh and brac¬ 
kish water, in soil, on and about plants of all kinds and on or in 
other animals. Various sorts cat all kinds of parts of plants, —roots 
stems or leaves, sap or blossoms, and seeds or fruits. Some utilise 
the tissue fluids and excretions of animals and the scavenger in¬ 
sects consume dead animals and plants. Parasitic insects live in the 
eggs, larvae or adults of other insects and many other animals 
and plants. 

Fecundity. The rate of producing young ones varies in 
different insects from a single larva hatched at a time (viviparous 
flics) to the million eggs, more or less, laid by a queen bee. The ac¬ 
tual number from any one female is less important than the rate of 
growth. In some species the rate of growth is very rapid, for instance, 
the pomace -fly ( Drosophila) lays up to 200 eggs per female and the 
entire life-cycle is completed only in ten days at about 8o° F. The house¬ 
fly completes its life-cycle in 8 to 10 days. Thus, in a very short time 
the progeny of one generation matures and begins to produce fresh 
generations. Further the production of young ones is accelerated by 
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the phenomenon of parthenogenisis (development of young ones from 
an unfertilised egg), which occurs in aphids (plant lice) and other insects. 
This leads to extremely rapid multiplication of the population under 
optimum conditions of temperature, moisture and food supply. The 
offspring of a single aphid could cover the earth in one season if all 
survived! 


Growth and Metamorphosis. Since an insect lives ir. an armoured 
cxoskclcton, it can change form and increase in size only if its rigid ar¬ 
mour is cast off (moulting), and none moults after attaining the adult 
stage. The primitive orders Protura to Thysanura attain adult form 
and size by slightly graded changes and hence are called Ametabola 
(Gr. <i y not+we/abola, change). The Hemimetabola—Orthoptcra to 
Thysanoptcra—undergo a gradual change or incomplete metamor¬ 
phosis. The young hatch as small nymphs, somewhat resembling the 
adults with compound eyes. In the successive stages called instars, 
the wings appear externally as small wingpads, that enlarge at successive 
moults and become functional in the adult called imago. Cockroach 
is an example (Fig. 4>oF). In others the young emerge as small worm- 
like segmented larvae with the head, thorax and abdomen much alike 
and with short kgs, but no wings cr compcund eyes. The larvae moult 
several times and increase in size. Each finally enters a “resting” stage, 
the pupa within the last larval skin, in a special puparium or in a cocoon. 
In this stage many larval organs break down and arc absorbed by |pha- 
gocytic cells while new structures for the adult arise concurrently. These 
profound charges occur b f« re the adult or imago hatches out. This is 
known as complete metamorphosis as found in the honey-bee and anima . 
in which it occurs are called Holomctabola. In some cases fairing 
development an insect pass.-s through two or more different larval ins •» 
then it is said t»undergo hypermetamorphosis. This process is c ar. 
tcristic of some parasitic groups. 

Social Insects. Some insects arc solitary, cieh | indi '’ i ^ ua , l J‘'!“o r 
itself. The sixes associate only to mate, and the female etthc 
cues or dies after laying. Some species assemble in la, | c ' arc 

in swarms of locusts and hibernating ladybird beetle. >• or live 
called gregarious, in all such insects the parents usual !; c : l 
with their offsprings. But in * me parents ' 

cooperation. Tl is is the real social tnst.net. Thismode 
made possible owing to the lengthened life of j em P „ f irscc ,s 

exhibit sociaUnspinets', &&&&& 

(H miptcra) and in Embioptcra The ni castc differentia- 

all ants and certain wasps and bees and in 

tion becomes very pronounced. 
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Variation in Structure. Variations in the insect structure ar 
correlated with the mode of life they lead In the cockroach for nstance 
the gizzard is well Sloped and its lining is armed with hard 
plates and spines but insects which suck ,uiccs have no K^rd.* 
In the honey-bee the nectar is sucked up into a honey stomach which 
corresponds to the crop. The region between the honey stomach aml ihc 
stomach is a valve which prevents the food in the honey 
designed for storage in the hive, from going into the s '™ ach - ^ 
mouth-parts are modified accordingly. Cockroach has bthr.g mouth, 
parts ; the housefly has one meant for sucking, the mosquito has 
and sucking type and so has the bed-bug. In most butterflies the mandibles 
arc rudimentary and the maxillae are greatly elongated, each forming 
a half tube, so that when they arc held together they form a long sucking 
proboscis, through which liquids arc pumped up by the mouth pump. 
The proboscis is extended only when the insect is feeding, when not in 
use it is coiled under the head (Fig. 4*5)- 


The thoracic legs are modified in various ways, but basically all arc- 
made up of the same parts as figured in the case of cockroach. Land 
forms have walking legs, some have legs meant for digging, house¬ 
flies have sticky pads, at the tips which enable them to walk on smooth 
vertical surfaces. Water beetles have flattened legs for swimming. Legs 
of honey bee arc modified for collecting food. Thus, besides locomotion,, 
the legs are modified for various other works. 


The wings are also modified according to the need of the 
animal but do not show such pronounced variation as shown by other 
structures. 


Respiration in the majority takes place by the tracheal system, but 
some, like most of the tiny collembolans, have no air tubes, and breathe 
through the body surface. Many insect larvae live as parasites in fluids,, 
tissues and as such the air diffuses through their thin body wall. Aquatic 
larvae have gill-like expansion of the body wall which contain air tubes 
(tracheal gills). Some aquatic larvae have thin-walled expansion of 
the body wall or extension of the hind gut, which, though devoid of 
tracheae, are believed to be respiratory structures. 


Nervous system does not show much variations, only the number 
of ganglia in the thorax and abdomen presents variations depending 
upon the number of and variations in the abdominal segments. Organs, 
of special sense include a pair of compound eyes, three simple eyes, a 
pair of antennae and various sensory hairs, pits, scales and projections, 
over mouth parts, palps and legs, etc. The simple eyes, perhaps, do not 
form images, but act to increase the sensitivity of the brain to light 
stimuli from compound eyes. For, if the simple eyes are covered by 
some opaque paint, the insect does not react to light as rapidly as when 
thfe simple eyes were not shut off. If large eyes are covered, the insect 
does not respond to light. Insects are able to recognize colour.. 
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At least in the case of honeybee it has been experimentally proved that 
it reacts to colour ; of course the bees cannot detect minor differences 
in colour, such as blue and grey. Some insects respond to red. 
The antennae arc the chief organs of touch and also carry organs for the 
sense of smell. The abi i y of the insects to smell has also been proved 
experiment illy with bee as a type in most cases. Butterflies also posscsj 
sense of smell is proved by the fact that the males cf some butterfly emit' 
scent to attract their females. 

The excrct >rv tubules vary only in number from two to over a 
hundred, but all function almost in the same way. 

The essential pirts of the reproductive organs are almost similar. 
There is, however, difference in the mode of reproduction in different ani¬ 
mals. One species of cotton-cushion scale is hermaphrodite in which 
the females arc able to fertilize their own eggs. Unfertilized eggs give 
rise to males which are rare. Some species are without males and the 
eggs develop without being fertilized. Such a mode of development is 
known as parthenogenesis. In the vast majority ol insects, *P«ms 
stored in the receptacle of the female at the time < f mating, and the egg. 
are fertilized at the time of laying. It has been established beyond all 
doubt that male honey-bees regularly dcvclt p from unlcriihaed tpR 
females ( t |uccns) and workers develop from fertilised egg. 1 his also 
holds good for most Hymenoptcra. 

Insect as Enemies. A great struggle exists between the insects and 
man. This struggle began long before the dawn of civilraation and b 
continued since then without cessation The ins<eet* del^to> or <lam g 
all kinds of growing crops and other valuable pUnts, bj cheu mg I. 

or the ravages done to warm clothing In • 
sights. 

both domesticated and \uld- 5 „f P houscflv in our dining 

the skin. Some insects make homes on.01r m» thc * . ■ disscmin2 tc 

or external parasites injuring the host animal, S»omc 
diseases of a deadly nature. 
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Beneficial Insects. Here and there the insects have: esub .sheda 

partnership with man which has become definitely beneficial o man. 
The most obvious of the benefits is the utilization of things hat insects 
make, collect or produce, such as silk, honey, bees-wax, shellac, paints, 
dyes and medicine. 

Silk. Everv one knows silk, but does he know how it comes ? A 
"creamy white moth (Bora/yx m,l) about two inches across the open wings 
lays 500-400 eggs which hatch producing larvae which spin cocoons of 
silk before pupaticn. These cocoons are picked up, animals inside 
killed, boiled and the silk obtained direct. For more than 55 centuries 
the silk-worm has toiled ceaselessly for man ; countless generations laying 
their eggs, eating the mulberry leaves provided for them in the larval 
stage, spinning their cocoons and they dying, a pe.petual sacrifice to 
adorn men and women (Fig. 424)* 

Honey. Plants produce nectar in profusion which the bees and 
wasps collect and store as food for themselves and their young Man has 
domesticated honeybees (Apis mllifi'a and other species) that collect 
nectar from the plants, and this nectar undergoes chemical changes, due 
to intermixture with saliva and transforms into honey rich in glucose 
(grape sugar) and fructose (fruit sugar) that are more readily assimilated 
by man. Honeybees also produce becs-wax which is used by man so 

mU ShcUac. A tiny species of scale insects, the lac insect, Laccifer 
(Tacbardia) lacca, found in forests of India and Burma yields the subs- 
* tance from which shellac is made and is used in making varnishes and 
polishes, for hardening hat materials, as scaling wax, in making phono¬ 
graph records, airplanes ; linoleum, buttons, shbc polishes, pottery, toys 
and bangles. 

Cochineal. This is the name of a beautiful carmine-red pigment 
or paint. It is the dried, pulverized bodies of a kind of scale insects. 
Coccus cocii , that lives on prickly pear. These days cochineal is used 
as a cosmetic or rouge, for decorating fancy cake, for colouring beverages 
and medicines and for treating whooping cough and neuralgia. 

Insect as Medicines. Many kinds of insects have been described 
to have medicinal value. In the seventeenth century almost even- 
insect was believed to possess some medicinal power or the other. This 
is a fact that some insects have real medicinal value. A medicinal sub¬ 
stance called cantharidin is secured from the dried bodies of a European 
blister beetle known as the Spanish fly {Ijtla vesicatoria). The prepara : 
tion known as “specific medicine Apis” is extracted frem the bodies 
of honeybee and used for the treatment of liver, diphtheria, scarlet fever, 
dropsy and urinary irritation. Homoeopathy also claims many medicines 
of insect origin (Cimex, Cantharis, etc.) 

Insect Pollinators. For the growth and maintenance of plant life 
sexual reproduction is needed (much more than asexual reproduction). For 
this the essential male cell of plants called pollen is transferred to the female 

37 ‘ : * 
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flowers. This is done by water, wind or insects, the most important 
being the latter. Flowers that depend on insects for pollination are 
generally beautifully coloured or are marked by odours. The wonder¬ 
fully intricate mechanism of pollination is too long to be dealt here, 
but each citizen owes it to himself to know as to how the beneficial 
insects affect the complex currents of plant life. 

CLASS ARACHNIDA 

* Definition. The Arachnida are arthropodous animals in which 
the body is divided in twenty-one segments grouped to form the cepha¬ 
lothorax and abdomen ; the cephalothorax bears two pairs of prehensile 
appendages, four pairs of walking legs ; the antennae arc absent and most 
members breathe by book-lungs. 

General Characters. The Arachnida (Gr. arachr.e^\ 6 ct-\- eid, like) 
is a varied assemblage of jointcd-limbed animals like the spiders, scor¬ 
pions, ticks, mites, harvest-men, whip-scorpions and scorpions etc. They 
are distinguished from the insects, centipedes and millipedes by thc.entire 
absence of antennae, and also by the fact that there is no differentiated 
head furnished with two or three pairs of appendages modified so as to 
act solely as jaws. In the Crustacea there are two pairs of antenmtorm 
appendages at the anterior end of the body and at least three pairs cf ap¬ 
pendages modified as jaws. The body is divisible into an antenoi■ cep¬ 
halothorax and a posterior abdomen (except Acarina) typically wi • 
pairs of jointed appendages ; chclicerae, pedipalpi, and 4 pairs o g 
on cephalothorax. Antennae and mandibles are absent. Mou h 
minute aperture placed near the lower part of the anterior extremi ) 
the cephalothorax and the mouth parts and digestive tractarc s ?* on * . " 

ed as to kuit sucking of food juices. Some arc provided with poison 
glands. Respiration takes place by book-lungs tracheae or 8 * .' . ‘ 

Excretion takes place by paired Malpighian tubules or coxal g 
both. The nervous system consists of a dorsal brain and ventr 
cord having paired ganglia, in some cases the nervous system ~ 
centrated anteriorly. Eyes arc simple usually eight two hcl "S Jjde 

s=jssr- h f. 5= sr-ss 

no,Lc<, mp '.mca 

by metamorphosis. 

The arachnids are chiefly terrestrial 

few spiders and scorp.ons hare b.tes« * J interme diatc 

illness to man or may prove fatal Several kinds or ickncss anefi 

hosts and some parasitize man and animals, produce injury, 
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death. The arachnids are of ancient origin, some stocks having been 
reported from Cambrian times. The largest arachnid is the king-crab 
{Limulus) that grows to 500 mm. in length. Most spiders are under 25 
mm. long. The smallest spider is Microlinvpheus under 1.0 mm., 
and longest is Theraphosg Ubondii which grows to 90 mm. long. 

The Arachnida living today are grouped into ten orders; Acari, mites 
and ticks ; Araneac, spiders ; Chclonethi, false scorpions ; Opioliones, 
harvestmen ; Palpigrada, tail-less whip-scropions ; Pedipalpi^ 
whip-scorpions ; Ricinulei ; Scorpionida, scorpions ; Solifugae, sun- 
spiders ; and Xiphosura, king-crabs. In addition to these there are 
several orders of extinct forms and a few groups of Arthropoda whose 
claim to be considered as Arachnida is of doubtful validty. 


M 0. *7*^ B ' V “"* 1 view or ce P*“l#lhor»ic c 

n -type scorpion 

Scorpions *xe familiar arachnids of hilly regions of India. The 
inhabit warm countries almost all over the world. The largest varie 
ues are found m Africa and America; none, however. occSr in Nev 
Zealand or on Oceamc Islands or in the extreme south of South Americ 
unless artifioally mtroduced. They live in crevices.. and holes unde 
stones, fallen tree trunks the bark of dead trees and in deep burrow 
Ihe, dig in sod during the day. and being nocturnal in habits^me ou 
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at night and move in search of prey. They ire strictly carnivorous, 
feeding mostly on spiders and insects, etc. which they catch with their 
pincer claws, sting to death with the caudal spine and finally suck their 
juices. It was estimated in 1949 that there are 700 species of 70 genera 
of these animals. They vary in size. The smallest scorpion Micro- 
hu/bus pusiHus is 13 mm. long while the largest species Pandinus imperator 
sometimes reaches a length of 180 mm. or 7 inches ; the largest Indian 
form, Palamnaeus swammerdami is 138 mm. long. The description given 
below applies to all scorpions though mainly it centres round the local 
species Palamnaeus Icnpjmanus. 

External Features. The body of the scorpion is long and narrow 

consisting of an anterior broader portion, 
including the ccphalothorax or prosoma 
and the anterior region of the abdomen 
the mesosoma, followed by a narrow 
terminal part, the posterior abdomen or, 
metasoma, which is habitually turned 
upward over the back, in the living 
state. The prosoma is the small anterior 
portion dorsally covered by an unseg¬ 
ment tergum the shield or carapace 
of, more or less, square shape. The 
anterior border of the carapace is not- 
• - ched forming a right and a left frontal 

lobe. The ccphalothorax is formed by the fusion of the anterior preseg- 
mental region with originally seven segments, of which the first (pre- 

chcliccral segment) exists only in the embryonic period. In the interior 

of the ccphalothorax there is a cartilaginous plate, the cndostcrnitc, 
forming the internal skeleton and providing means of attachment for 
muscles The carapace bears on .he outer surface a pa,r ofm^.an cye 
about its middle and two or three pa.rs of small eyes on the antero¬ 
lateral margin. Between the eye-groups a triangular •«* » 
this is called the frontal area or an.eocular triangle. Besides these the 
carapace carries many ridges or carinae which are of *y s, «'" a,, c 
importance. A very small transverse opening, the mouth s sihiated 
at the anterior end of the ccphalothorax on its ventral aspects. The lab- 
rum, a small fleshy lobe, overhangs the mouth (big. 4 <> 5 ). 

The abdomen (Fig. 45 5 ) is the part following the ccphalothorax 

Anteriorly it is as broad as the pre-abdomen or mesosoma and con ts 
of seven segments. As usual, each segment consists of a dorsal sclen.e 
the tergum, and a ventral sclcntc, the sternum. Both, these are con 

ncctcd To each other by soft integument at the sides. Originally there 

arc eight segments forming this portion, but the orig n > P 
genital segment, becomes indistinct during embryonic life. The pos 
ferior par! of the abdomen, the postabdomen or me^oma cons « 
of five segments which are narrow tubular, enc osed 
ing ring of chitinous material and flexibly ,ointed. The who ^ struc 
is often wrongly called the tail. Articulating with the last segment o 


Fig 456 Tclson of PJamnaeut 
•bowing ihc opening of poison 
gland (B). 
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the post-abdomen occurs the telson or caudal spine (or sting) which 
is triangular in shape, swoolen at the base and pointed at the apex. The 
basal swollen part of the telson (Fig. 451 A) is often called the vesicle and 
lodges the poison glands and the spine-like portion is the aculeus. The 
ducts of the poison glands open a little behind the apex on the upper 
side (Fig. 456). The adult scorpion thus, has 18 post-oral segments in 
all but if the seventh suppressed segment is also counted then 19. 
This is the maximum number of segments possessed by any arachnid. 

The apertures, on the ventral surface of the abdomen include the stig¬ 
mata, which are a pair of oblique slit-like openings (Fig. 455B) on the 
sides of the relatively broader sterna of the third, fourth, fifth and sixth 
segments of the pre-abdomen. They open into the pulmonary sacs (sec 
later). The anus is situated vcntrally in the last segment of the post 
abdomen (Fig. 456) immediately in front of the sting. It is located on 
a rounded protuberance guarded by four chitinous lips or labia. The 
opening itself is four-rayed. The openings of the genital ducts lie at the 
base of a soft rounded median lobe on the narrow sternum of the first 
segment cleft into two portions and known as the genital operculum. 

Appendages. The ccphalothorax bears six pairs of segmental 
appendages including the chelicerae, the pedipalps and the walking legs. 
The first pair of these is preoral in position and prehensile in nature. 
It is called the cheliccra (mandible of Pocock) which is three- 
jointed and chelate (bears a tong-like process at the free end). The basal 
joint is small and is almost concealed under the carapace, the second 
is large and swollen furnished in front with a strong process, 
the immovable finger, armed with teeth on the upper and lower surfaces, 
and the third, the movable finger, is small working in horizontal 
plane, and furnished with teeth along its biting edge. Internally it 
possesses both an opening and a closing muscle arising in the hand. 
These two form the characte¬ 
ristic chlea (Fig. 457). 

The second pair of append¬ 
ages, the pedipalpi (chela of 
Pocock 1 ) are the well-known 
powerful six-jointed nippers 
of the scorpions, postoral in 
position. The following are the 
joints of pedipalpi: (/) The coxa 
is the basal joint that connects the appendage with the ccphalothorax. 
Towards the mouth each coxa is drawn out into a membranous pro¬ 
cess, the gnathobases, which act as jaws and bite against each other. 
(it) The trochanter is an irregular-shaped podomcre following the 
coxa and having spinous anterior margin. (iii) The femur is a 
relatively larger prodomere following the trochanter. It is regarded 
to be set at right angles to the long axis of the body, hence possesses an 



Fig. 457 . Cheliccra of Palamnrtu 1. 


1 Fauna of Briihb Iodia, Arachnid* 1900. 
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anterior and posterior surface. (/V) The patella (brachium) is another stouter 
podomcre following the femur. Both the femur and patella are 
furnished with granular crests. During resting the patella lies in a 
line parallel to the long axis of the body, thus, it has an outer and 
inner surface. The hand or chela is the terminal podomere, variable 
in size and form, being generally narrower and longer in females while 
broader and smaller in miles. It consists of two portions, (t) The 
under-hand or tibia is the large flattish area articulating with patella. 
Its upper side is often evenly convex and the lower surface is flat and hori¬ 
zontal. Both the surfaces have 
prominent ridges on them. The 
ridge on the under surface runs 
up to the tip of the pointed end the 
immovable finger, and as such is 
sometimes known as finger keel. 
The ridge of the lower surface is 
called the keel of the under-hand. 
(pi) The other part of the chela is 
the m >vable finger or tarsus which 
is a small pointed structure movably 
Fig. 458 . Pedipalp of Polamnent. articulated with the distal narrow 

part of the under-hand. This along with the immovable finger forma 
the pinccr The biting surface of the movable finger, as that of the im¬ 
movable linger also, is provided with sharp teeth, that arc often arranged 
in distinct longitudinal and oblique series. Internally it .s furmshed 
with powerful muscles. 

. 

its free end, into a process the claw lobe. 

1 Snodgrass maintains tl.at e^ch leg ^ J d a re'T’b^r^a^e 1 as subscg* 

in the tarsal region are not connected by muscles they 
ments of tarsui or tarsomcrci. 
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Abdominal Appendages. The abdomen of the scorpion does not 
possess typical appendages, but its first two adult segments bear rudi¬ 
ments of appendages or their modified forms. The first of these is the 
genital operculum on the narrow sternum of the first segment. On 
the sternum of the second abdominal somite arc movably attached a pair 
of comb-like appendages called pectincs. They vary in form in dif¬ 
ferent genera of scorpions. Each of these consists of a handle or shaft 
made up of three piece;, the proximil part the longest, and the middle 

one the shot test (Fig 45 5 C). I he 
shaft bears a number of narrow pro¬ 
cesses, teeth, resembling the teeth 
of a comb, called the pcctinal 
teeth. The number of teeth is 
different in different species and 
varies from 4 to over thirty. The 
pectincs are peculiar appendages 
qjitc characteristic of the scor¬ 
pions. Their specific function is, 
not known, although sexual and 
other roles have been suggested 
for ' them because the genital 
opening lies immediately in front 
of them. They arc unquestionably 
sensory organs, since the teeth 
bear numerous innervated scnsilla. 

Fig 459 . Seond walking leg of Body Wall, The body wall of 
Palamnaut- a scorpion consists of an outer layer 

of chitiaized cuticle, secreted by hypodermis lying below. The hypo- 
dermis (Fig. 460) consists of a single layer of columnar cells filled with 
oiement granules of various types. Below it lies the basement membrane. 
The chitinous layer is brilliant in colour outwardly and consists 


■COXA 
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Fig. 460. Vertical icction of the body wall (after Pavlovsky). 

of three distinct layers : (/) a superficial cuticle, testostracura, (//) the 
middle layer, epiostracum, and (///) the deep lamellous layer, hypos¬ 
tracum. This layer is traversed by canals which open outside on the 
surface. In these openings are lodged the ducts of the secretory glands 
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which are located in the hypodermis. The canals themselves are broader 
and are covered with circular thickenings. Besides these there are 
some narrower canals with smooth inner lining that do not pierce through 
the cuticle. From the chitin arise several processes of different types. 
Of these the dermatidia are small outgrowths formed by the chitin alone 
and found on chelae, etc. There are some other similar derivatives 
involving the integuments in their formations Such sculptural derivatives 
arc called coelodermatidia and include such structures as the cristae, tarsal 
claws, spines, spurs, hairs, etc. 


The dermal glands include the 
Glandula plicata Glandi 



alveolar glands in the chela 
of the pcdipalpi. their 
tibia and in the legs ; and 
the poison glands. In 
the poison ampulla are 
situated two sac-like ; 
glands clothed with a 
muscuiar membrane in 
the ampullar cavity. From 
the glands arise tine effe¬ 
rent ducts opening near the 
apex of the sting. The 
gland itself is made up of 
tall cylindrical epithelium 
between the cells ot 
which arc inserted flat 
supporting cells. Outside 

N “ rihe * ,h f poiion aui.s. b, £ 

Fsg. 461 . Transverse section. of po ion t j ssu c mcmbranc . 

vesicle of Both/turns vittaius with two poi*on n 

e’ands and glandula plicata under us superior Internally, wal1 ot j* 
Sonwve wall (after P,vlovsk>). • the gland IS smooth as in 

primitive embryonic gland or folded as in complex glands. 

Glandula Plicata. The males of some species rf the genus Eelhrin- 
rM / a v.ttctus) are provided, on the dorsal surface of the poison vesicle 
with a scutellifortA depression, eotresponding to wheh a^ special 
organ is situated underneath the integument The chitin < f this place 
Relatively thicker. Underneath the hypederm f« rms yP^a. or^an 

consisting of numerous longitudinal ft Ids (Tig. < 6 ') ff -he ar 
epithelium. These folds arc longer m the middle and low.r a: the cir¬ 
cumference and are glandular. As they are found only m males the) 
are supposed to play some role in sexual reproduction. 

Endostcmite. Inside the body at the Junction of the prt soma 

hole l. /"■ £5 ££&. 
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cord in the segment which bears the pectmes. 

Musculature. One pair of the muscles lies in the chcphalo- 
Muscuia attached by one end to the endosternite 

r; zzsx&zrsi 

i 2 right and left of midgut, trom the 

» dorsal to the ventral surface of the 

body. The first pair is not easily 
seen as it lies closely applied to the 
posterior surface of the diaphragm,, 
the partition tfat separates the thorax 
from abdc men. Dorsally these mus¬ 
cles are attached to the anterior end 
of the first abdominal tergite on the 
outside of the cpicardiac ligaments. 
Ventrallv they are attached like the 
' cephalothoracic pair, to the endost- 
crnitc. The dorsal attachments arc 
to the outside of the cpicardiac 
ligament. The ventral attachments 
are slightly farther apart than the 
dorsal, one pair for each abdominal 
sternite, the second pair lying at 
/ / the sid:s cf the genital opening, and 




' 6 the third at the sides of the basal' 

. , . . plate of the comb. 

Fig. 462 . Endosternite of lu'ut ‘ 

dujoureius (after Poe-ck). », antcuor In some arachnids (spiders) there 

cornua ; 2 , c:ntral piece ; 3, auac • rx i sts the power of self-mutilation. 

in (autotomy) and also .utospasy that 
contact with diaphragm ; 6, aorta. is the casting off of limbs when pulled 
by some outside agent. This is possible because the muscles at the joints 
become weak. On the other hand in scorpions and kingcrabs (Xiphos- 
sura) the musculature is cvenlv arranged throughout and the legs ana. 
chitin is well provided with longitudinal fibres at all inter-articular mem¬ 
branes. Thus, in these animals there is no autotomy or autospasy. 

Digestive Organs. The mouth of the scorpion is concealed within- 
a large open preoral cavity between the bread, soft inner surfaces ot the 
pedipalp coxae. Dorsally the chelicerac overhang the cavity and ventrally 
it is closed by a wide underlip formed of the closely approximated en- 
dites of the coxae of fiist and second legs. The n.outh is seen on re¬ 
moving the chelicerae and pedipalps. It is a minute transverse aperturc- 

E laced near the lower part of the anterior extremity of the cephalothorax.. 
t is guarded by labrum above, and usually by the anterior sternal plate 
below, which acts as the lower lip or labium. 
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The labrum projects forward from between the bases of the pedi- 
palps. Extended anteriorly from below the mouth is a basin -like lower 
lip, the upper part of which is formed of the concave dorsal surfaces of the 
first coxal endites. The opposin'* edges of these two endites leave 
between them a median groove (Fig. 464) which is closed below by the 
long rigid supporting endites of the second leg coxae. The gutter-like 
•groove leads directly to the mouth (Fig. 465). 



Fig 463. Median longitudinal seciion of >corpion showing circulators, digestive 

* n<1 The°rnouth"cads into a large suctorial pear-shaped bulb the pharynx 
with elastic chitinous walls. It is somewhat compressed laterally and 

number^radiating bundlcs^of musde S fibrcs^^iuiect°thc pharynx with 

of the pharynx. Into the posterior part of the oesophagus, which, 
some cases, is dilated, open the ducts of the salivary glands All thes 
arc stomodieal parts and hence often referred to as the fore-gut. Th 

ilPISiisi 

part of dt mcsosomatic \X Though this bulky mass ,s called 
'‘liver” its hepatic function is doubtful. 

digestive organs, Jtottx , a C iac» with soil infolded walls, all of which 

pairs ol divcnicub that expand iruo large sa , , ahcr i, y a covering 

arc closely l-ckcd.** **£»£** „ in lh B c prosoma, the o.hcrs 

tunic of connective tissue- lie nr» P-*> 

:iriNC in the five segments ol the moosorr.a. 
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The liver and diverticula of the stomach form the major part of 
the alimentary system of the 
scorpion and occupy most of 
the space in the mesosoma. 

The mid-gut opens into the 
hind-gut, the terminal portion 
of the alimentary canal. The 
beginning of the hind-gut is 
marked by the presence of one 
or two pairs of delicate tubes, 
the Malpighian tubules, which 
act as organs of renal excretion. 

These originate from the mid-gut 
and, as such, are lined by 
endoderm, while in insects and 
most other arachnids they are 
lined with proctodaeal lining 
(of ectodermal origin). As the 
mouth of the scorpion is small, 
large pieces of food cannot be taken in. The scorpion has only a sucking 
apparatus for the ingestion of food and feeds only on liquids 
extracted from the prey mechanically on by extraoral digestion. The 
prey (such as the spiders, myriapods or insects) is seized by the chelae of 
the pcdipalps, which in large species arc able to crush hard-shelled beetles 
'but if the victim is not killed by crushing it is subdued by the abdominal 
sting. From the pcdipalps the food is passed on to the chcliccrac, one 
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Fig 465. Sagittal section of the scorpion showing mouth and pharynx, etc. 
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of which holds it while the other rips open the body and pulls out the- 
viscera. The extracted material collected in the preoral cavity is tho¬ 
roughly cut by chelicerae, then reduced to a pulp by digestive juices 
discharged upon it, probably from the stomach, and finally it is sucked 
in liquid form by the pharynx. 

This material undergoes preliminary digestion in the stomach. The 
epithelium of the stomach sacs include secretory and digestive cells. The 
secretory cells produce enzymes that are poured in the cavity to bring about 
the digestion. According to Pavlovsky and Zarin (1926) the digestive 
enzymes of scorpions include amylase, lipase, and proteinascs. The 
digested material is absorbed by the digestive cells . At last these cells 
become filled with excretory granules, which arc thrown out and dis¬ 
charged through the intestine. 

Excretory Organs. Besides the Malpighian tubules, described above, 

other structures are also engaged in 
excretory work in the scorpions and 
other arachnids. These arc the coxal 
glands. They lie one on each side of the 
pros:>ma just above the bases of the 5th 
and 6th appendages. Each coxal gland 
consists of a large excretory saccule 
(Fig. 466) internally lined with cubical or 
flattened epithelium lying outside the 
endosternite against the coxae of the 3rd 
ol coxal gland ot tcoruiom. leg in s:gm:nt uh and 6th. The saccule 
is followed by a c/nvolut;d tube, the labyrinth, that forms many coils 
arouml the former, lying in the fifth segment of the prosr.ma. The tubule 
opens to the exterior bv a small orifice on the base of the thin walking 
leg. Before opening the tubule enlarges to form a reservoir. It is esi- 
dent from embryological evidences that the coxal glands are denv-ed from 
the coclomoducts. Many coelomoducts arc represented m the young 
scorpions but only one persists in the adult. The c “?'*"? ds “ 

garded as nephtidia homologous with the large nep r 8 

6 and 7 of hr,pat«!> Urate crystals are found n he saceu . Ca 
mine injected in the body cavity is soon picked up by the coxal gland 

‘^Circulatory System. The hear, is elongated ^ 03 ^ 1 , 1 ^, lube 

lying just beneath the terga in a groove in the liv > • |hc 

the preabdomen, extending from the diaphragm, which spa rates h 
preabdomen from the ccphalo.horax (, from the 7 th to the 
segment). Its anterior and posterior limits are clearly domed b rais es 
The heart has seven pairs of ostia, the presence of wtuch J 1 '**. " 
hear, the appearancJ of an eight-chambered organ. In fiet neither 
valves nor any constrictions exist to make it chambered. The heart 
,S suspended by means of several ligaments. A 1 toU there^a h * • 
mctamerically arranged groups of ligaments (F g. 4 Ih 

1 Savory, The Arachtida, 1035. 


Fig. 466. Schematic figure 
ol coxal gland of scoruiom. 
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is composed of four pairs. The shortest of these are 
•ardiac ligaments. The second pair are called the 
[e third pair are the alary ligaments (not muscles) directed 
ancles to the long axis of the heart. The fourth pair 

arc the hypocardiac ligaments, 

1 * } by far the strongest and lon- 

— gest, easily mistaken for mus- 
cles. Since there are no muscles 
for dilation l ^ c ^ cart » 
Jt _c diastole is accomplished thro- 

cdt ugh the elasticity of the heart 

ligaments. During systole the 
/[I heart has to ovcrcomc ^ l ^ c 

)W... (j ''* 12 resists nee of the ligaments that 

W/ - 08 [1 is why the muscularis of the 

9 t M heart * s vcr >* NVC ^ developed. 

V’ n- 15 The pericardium is a thin 

\ In membrane running horizontally 

\ || across the hacmocoel. The 

\ » pericardial cavity is divided 

II into four regions owing to 

the presence of the ligaments, 
ransverse section through The S p accs> thus formed, arc 
/“T 0 \ C 'ZX c'TerT often described as sinuses, of 

:irdial sinus; 3 . epicrd.ac which the lateral sinuses are 
hypodermis; 5 , donal the largest, next in size is the 

acles ; 6. alary ligaments ; ventral sinus and the dorsal 

»“* ; s'"} 05 * r f ou " d f insha Pf' 

l, \ ericardium ; 12, heart; is the smallest of the four. I he 

c’ ligament. cardiac nerve extends from one 
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Fig. 468. Sagittal section of the late embryo of CmUurus insulanus in the plane 
of symmetry showing all organs developed at the stage (after Petrunkevitch). 
1 — 12 , abdominal tergites ; I. carapace ; II. meJtan e>e ; III, upper lip (rostrum). 
IV, the first abominal neuromere ; V. poison gland. 

phageal ganglionic mass. Both the suprancural and the subneurals 
are connected by nine vertical arteries (Fig. 469). 

From the aortic arch arises a pair of large cephalic arteries, each of 
which gives off several branches, the most important of which is the 
ophthalmic arterv. Beyond the ophthalmic artery the mam vessels is 
termed cheliceral artery and supplies the cheliccra. Each‘thoracic: sinus 
gives rise to small and thin vessels connecting the sinus withi the supra 
neural artery, and to four large vessels to the appendages. Of these the 
lirst is the largest and splits almost immediately into two branches, the 
fi he pedaTa tery and the second the longer and stouter pcd.palpal 
arterv The continuation of the heart on the posterior side ,s the pos¬ 
teriori aorta. It runs straight up to the tip of the 
various organs including the intestine by various delicate branches. 

The ventral sinus is a large space on the ventnl side!tat collects 
blood from various parts of the body and sends it to h P 

heart through ostia. 

The microscopical structure of the heart reveals that its wall is 
spiral muscles or of symmcrtically arranged semicircular m 
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17 18 X 9 20 19 21 22 2J 

Fig. 460. The circulatory s>$iem ol a >our.g scorpion, Cenlrurut insularus (after 
Peirunkeviieh). 1, anterior edge ol carapace ; 2, dilator muscle ol the pharynx ; 3, 
median e\e ; 4, chetieeral artery; 5, brain; 6, aorta ; 7, d orso ventral mu«c'c 
separating the first cephalothoracic divenicle of the midgut from the second ; 8, 
beginning of the heart ; 9. posterior edge of carapace ; 10, first abdominal tergite ; 
II, phat>nx ; 12. upper lip (rotrum) ; 13, mouth ; 14. heart, ; 15, diaphragm ; 16, 
inidgut ; >7, gnathobase of the second leg ; 18. pcdipalpal artery ; 19, sternum ; 20* 
# subncural (hvponeural) artery ; 2 I, genital plate (operculum); 22, basal plate of 
con b ; 23, longitudinal connective between the fourth and fifth abdominal ganglia. 

which meet in the middorsal and midventral line ; and (///) the third layer 
or intima, whenever present, is a very thin transparent membrane. 

The blood system of scorpion is usually more developed than is the" 
case with the Arthropoda in general. The blood contains haemocyanin, 
a blue coloured respiratory proteid. For thir reason the freshly taken, 
out blood of the scorpion is indigo in colour. 

Lymphatic Glands 1 . The scorpions arc provided with a 
system of lymphatic glands in connection with the supraneural artery.. 
The glands may be represented by a single nodule-like structure 
(Buthus tuptus ), or a number of nodulose glands lying close to each- 
other ( B . australis) or a continuous band {Lychas rnucronotus). The 
cavity of the gland is continuous with the cavity of the supraneuraf 
blood vessels (Fig. 470). The glands arc phagocytic in nature. 

Respiratory System. Respiration in scorpions takes place by means 
of book-lungs. There are four pairs of these structures opening at the 
four pairs of slit-like stigmata described above. Each takes the form 
of a small hollow sac (pulmonary sac) filled with clusters of lamellae,. 
130 to 150 in number, disposed like the leaves of a book constituting^ 
the so called book-lungs. The leaves arc borne on definite axis. Each 
leaf is hollow and the blood to be oxygenated flows within the- 

1 E. N, Pavlovsky, Sdudies on Scorpions ; J. M. S., Vol. 68, 1924. 
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narrow slit-like cavity only separated from the air by membranous 
■walls. 

The spiracle opens into an obliquely elongate atrial chamber 

which is produced beyond each end 

1 ^ s pi rac l c 'n a tapering extension 

' (Fig. 471). The anterior and poste- 

u rior wa || s 0 f the atrium are membranous 

/ and flexible, but the arched dorsal \yall 

* j s flexed, crossed by closely-set longitu- 

A . dinal bars, which are the septa between 

narrow slit-like openings into the lumina 
ft of the lamellae. The lamellae are some- 

(Jh what triangular in shape, set vertically on 

K the atrium and extending anteriorly from it. 

* The atrium and the leaflets arc the in- 
growths of the body wall, and arc lined with 
a delicate cuticle which is drawn out and 

Fig. 470 . Lymphatic glandi renewed at each moult. In Palamnaeus the 

of Buihus I. supraucura leaflets appear to be entirely free from one 

3 . supra renal artery (after In others they may be connected by pro- 
Pavlovsky). toplasmic strands. 


Fic. 470. Lymphatic glandi 
•of D'tifrjs 1. supraneura. 
artery has divided to (orm two 
branches; 2, lymphatic glands; 
3, suprarenal artery (after 
Pavlovsky). 


Each lung is enclosed in a pulmonary cavity or sinus of the hae- 
mocoelc covered by a shcat of connective tissue. The lumina ot tne 
leaflets contain the respiratory air derived from the atrium and the bloo 
circulates in the spaces between the lamellae. It is here that the exc ang 
of gases takes place through the thin walls of the leaflets. Air enters 
the leaflets by diffusion, but in some species the atrium is re P orlc< * t0 
have a ventilating action by means of muscles. Fraenkd (1^29) ina 
species of but bus reports two muscles attached on the 
that produce an opening of the spiracle and an expansion of the 
the closing is automatic. This opening takes place cnl> *hen the 
•animal is active. 

During embryonic development the mefosoma of the s corp>on 
possesses vestigial limbs and it is behind the a scso Similar 
these transient appendages that the book-lungs pp • 
book-lungs are found in other arachruds such as >he Pc dipalp 
Arancae and Palpigradi. Umtu or the l*»£?*“ “g? bathing, 
such it has other homologous structures called g clusters of 

As it breathes dissolved oxygen these organs consist of clusters o 
branchial lamellae or plates resembling the leaves of a book, hence 
name. There are five pairs of gill-books in Ltmulus. 

Nervous System. The brain or supraoesophagcal pngHon 
is a bilobed structure from which arise numerous de . nC i u< i: ne 

•innervate the various anterior appendages and other s ru 



Fig. 471 . Structure of the book-lung of scorpion. A, cross-section of the body 
of a scorpion showing the position of the book-lungs ; B, right book-lung dorsposterior 
view ; C, a few lamellae in natural poiiton; D, vertical section of book lung ; E, book- 
lung, dorsal view, 

the median and marginal eyes (Fig. 45 5 )- From the brain arise circumoeso- 
phagcal connectives which form a collar around the oesophagus 
and connect the dorsal brain with the ventral sub-oesophageal ganglion 
which lies below the oesophagus, and, in fact, forms the beginning of 
the ventral nerve cord, and gives off nerves supplying the first six appen¬ 
dages, the pectincs and operculum. The ventral nerve cord runs up to the 
fourth segment of the post-abdomen. Except the first ganglion of the 
ventral nerve cord, that lies in the fifth segment of the adult preabdomcn 
or prosoma, one ganglion lies in each segment (Fig. 463). The last 
ganglion supplies the area around it and the post-anal sting. 
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LENS 


TERMINAL^ 
NERVE CELLS 

- .NERVE -—' 


Fig. 472. A, vertical section of median 
of scorpion. 11 , vcnical sec.ion of 


The organs of special sense include the eyes and pectices, which 

are comb-like structures situ- 
V/TREOUS ated on the second segment 

8 0OY LENS\ of the prosoma (prc-abdo- 

. ..7^ V::men) and are probably tactile 

V- -- - f '/jL and also olfactory organs. The 

structure of the lateral eyes is 
j similar to that of the ocelli of 

SmS]/ W/fll IVVW insects; the median eyes are 

MW different. In the median eyes 
"™CEUsW^ (Fig. 47>A) the retinal cells 
A B are arranged in groups, as in 

n NERVE v lhc C0m p 0un d eye, but each 

Fig. 472 . A. vertical section of.xedian possesses only a single cuti- 
c)c of scorpion. 11. vertical sec.ion of cular lens, a character common 
lateral e>e. in the simple eyes. The scor¬ 

pions also have some perception of sound. This is indirectly indicated 
by the presence of stridulating organs, in some species, in the shape 
of ridges on the coxae of the pcdipalps, across which filc-likc surface 
can be drawn to produce sound. 

Reproductive Organs. The accounts of the reproductive organs 
of the scorpions available in the literature arc neither precise nor 
complete. There are many points that still need explanation. Here 
the best efforts have been made to provide as complete description 
of Valnmmtui, the commonest species of Uttar Pradesh as possib.c. 
The sexes are separate but it is difficult to distinguish the male tr< m 
the fern lie on the basis of external characters only. The mature female, 
however, possesses a fatter abdomen than that of the male. 

In the male the testes are two (Fig. 47?) lodpcd between the inferior 
lobules of the hepatopancreatic gland or liver, in the region of the last 
five mssosomatic segments. Each testis consists of a pair of onpimd nal 
tubules, connected bv four cross branches in such a way that three qua¬ 
drilateral meshes are formed. The tubules are extremely dchcate, 

whitishssmitnnsparcnt structures of narrow and umfoiincalibre through 

out the length. Each is circular in section. The wall of the 
testis is made up of flattened germinal epithelium rcs,ln P “P™ '^ e 
basemen, membrane. Below the basement membrane lies an ex¬ 
tremely thin laver of musculature. The germinal epithelium gl'CS rise 
to a large number of spermatogonia which form loose masses of..m 
round cells with densely chromatic nuclei. There are see era such m 
each having spermatozoa in the different stages of develop:men , K- 
spermatids, spermatocytes or spermatozoa. Each group o . 
cells is surrounded by a thin connective tissue wall in the foim 
cyst. All cysts lie closely adjacent to each other. ^ 
spermatozoa arc released in the lumen of the testis frem * h.ch they F*- s 
on through the vas deferens to the seminal reservoirs. 
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Fig. 473. Reproductive organs of Palomnatut. 

The vasa deferentia arise from the outer angles of the foremost 
mesh of the testes. Each vas deferens runs anteriorly and opens into 
the inner side of the genital chamber (Fig. 473). The distal part of 
the vas/lefercns is somewhat dilated in some cases to form the 
terminal ampulla. The terminal portion of the vas deferens 
receives the openings of the accessory organs including the vcsicula 
scminalis, the cylindrical and the oval glands. The vcsicula scminalis 
is an elongated nearly club-shaped organ of slightly yellowish colour. 
It opens at the terminal portion of the dilated ampulla. It is a thin- 
walled tube usually filled with spermatozoa. The cylindrical gland 
is an elongated transparent whitish sac, shorter than the seminal 
vesicle. It opens info the dilated ampulla of the vas deferens at a point 
just beyond the attachment of the seminal vesicle. Its wall is folded 
•* a nd consists of cylindrcal glandular epithelium, besides other usual struc¬ 
tures and musculature. The oval gland is transparent, whitish nearly 
oval in form. It lies towards the inner side of the genital chamber 
into which it opens. 
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The genital chamber 1 is a prominent muscular tube about 15 mm. 
long and 1-2 mm. broad lying buried in the liver mass one on each side. 
The two genital chambers unite and form a comparatively short common 
chamber that opens to the outside by a narrow genital opening situated 
on the second segment, covered by genital operculum. The base of each 
genital chamber is provided with a backwardly directed blind epithelial 
pocket, the paraxial organ, within which lies a tightly fitting chitinous 
process the flagellum. The structure of the flagellum varies in different 
species. The portion of the flagellum extending into the gepital cham¬ 
ber is known as the supporting shaft which has a gutter traversing its 
course. One side of the shaft is provided with spines. It is quite 
probable that the flagella of the paraxial organs evert out and help in 
copulation. 



A B 

Fig. 474. Female reproductive organ, of Polamnaeui. B. Ovary of Bu.hu, , 
note the rounded diverticula. 

In the female the ovary is a single structure consisting of three (4 
in ParaWm) tubules. Of these the two lateral tubules, the right and left 
arc the longest and run up to the end of the prosoma posteriori) 
they meet each other (Fig. 474>- The central tubule .s shorter runs 
up to the middle of prosoma and bifurcates into two branches that urn 
sideways and upwards to meet the lateral branches. Posteriorly it is 

1 Dufour (18)6) called ihis orga n in Scorfn* tccilanu, at the ■penis. 

(1917) ca'lcd it 'paraxial organ' as it is lateral so position. Abdel Wahab (!*>/) 
calls it the 'ejaculatory organ'. 
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connected with the common loop formed by the union of two lateral 
tubules. AH the three are connected with each other by transverse 
branches. The central tubule lies ventral to the alimentary canal which 
has to be removed to expose it. Originally the ovaries were paired, it 
is believed, but the two have fused, as a secondary measure, and formed 
the ovary as described above. The anterior continuation of lateral 
tubule on each side form the oviducts, which converge to the middle and 
open into "the genital chamber, which is a small sac receiving the ovi¬ 
ducts from behind and opening in front by a single opening in the se¬ 
cond abdominal segment below the bilobed operculum. From the 
ovarian tubules arise numerous diverticula into which the eggs undergo 
development. The size of these depends upon the size of the embryo 
within. In the earlier stages they are like simple protuberances but take 
the form of elongated pouches later on. Even the cross branches are 
provided with such diverticula. Typically each diverticulum is swollen 
at the base to accommodate the developing embryo and is drawn out into 
a narrow appendix distally, the tip of the appendix is enlarged forming 
the head (Fig. 474 A). In Bn/bus these diverticula remain rounded through¬ 
out (Fig. 474B). 

Development. The Arachnida on the whole are known for court¬ 
ship which in the case of the scorpion has been briefly described by 
Fabrc. According to him the two sexes perform a kind of dance in 
which their tails arc raised and entoined, until the male grasps the 
female and leads her away to a sheltered spot where he digs a burrow 
for her reception. The fertilization is internal and the sperms are 
transferred after copulation. The scorpions, arc on the whole vivi¬ 
parous. 

As a result of cleavage at one pole a one-layered disc or cap of cells 
is formed as such this type of cleavage is called discoidal. The cap gra¬ 
dually spreads over the yolk. Then there appears a thickening on the 
ventral aspect of the embryo called the ventral plate. On the surface 
of this appears a longitudinal groove regarded as the elongated blasto¬ 
pore. The cells of the blastoderm of the ventral plate arrange themselves 
into three layers, ectoderm, endoderm and mesoderm. The mesoderm 
divides into a series of masses which become hollowed out to form pri¬ 
mitive segments and their cavities. The rudiments of appendages appear 
when about ten segments are formed. At this stage they are in the form 
of hollow processes on cither side of the middle line. Behind the rudi¬ 
ments of thoracic limbs appear a series of seven pairs of abdominal appen¬ 
dages, the first pregenital disappears early, the place of the second is taken 
by the operculum and the third forms the pectines. The four posterior 
pairs degenerate and at their bases appear pits which develop into book- 
lungs. 

TYPE SPIDER 

The spider is the most familiar example of Arachnida. More 
than 20,000 species of spiders are known. They live in various habitats, 
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from ths sn-level to the highest mountains, from the sea-shore and 
fresh-witir swimps to the driest ot deserts, among rocks, in forests, 

in or on soil and in and about 
buildings. They are free-living, 
solitary and predaceous crea¬ 
tures that feed mainly on in¬ 
sects. Ordinarily the spiders 
entrap their food in webs, but 
the hunting spider, Lyasa wan¬ 
ders for food and runs it 
down, and Sat tints jumps on it. 
Individuals live only about a 
vear. The enemies of spiders 
include birds, lizards and certain 
wasps. 

External Features. A spider’s bodj^consists of two parts, a cc- 
phalothorax and an abdrmen. There is a waist, but no neck. The 
slender waist or peduncle connects the ccphalothorax and abdomen 
The ccphalothorax bears six pairs of appendages. The first is the 
chcliccrac or jaws, containing poison gland (Fig. 476) ant * terminat¬ 
ing in a claw-like fang with a duct on its tip. The second is the six- 
jointed pcdipalpi, which is leg-like in female, but shorter and ter¬ 
minating in a bulbous enlargement in males, to act as a container for the 
transfer of sperms. Its enlarged bases arc used to squeeze and chew the 
food. The remaining 4 pairs are the eight walking legs typical ot spi¬ 
ders. Each consists of seven joints, 17*., coxa, trochanter, femur, patella 
tibia, metatarsus and tarsus. In some spiders the tip of the legs bears a 
pad of hairs, scopula, by which it clings to the wall or similar surface. 
The eyes arc situated on the anterior dorsal surface of the ccphalothorax ; 
there arc, in most common spiders, eight simple eyes. The mou 
opening is situated between the maxillae. The genital opening anc he 
slit-like openings of the book-lungs arc on the anterior ventral surtacc or 
the abdomen. A spiracle lies anterior to the anus and connects to shot 
tracheae. At its posterior end, ventral to the anus, the silk glands, that 
lie within the abdomen, open through a group of flexible tubes, tne 
spinnerets (Fig. 476B). 

Digestivc organs. The minute mouth opens into a slender oesopha¬ 
gus which connects to a sucking stomach operated by muscles extend¬ 
ing from 'ts dorsal surface to the ccphalothorax. The sucking stomach 
leads into the main stomach with five pairs of lateral pouches or caeca 
(Fig. 477). This narrows as it passes into the abdomen forming the 
intestines and here it expands, where it receives the ducts of the hepatic 
gland or “liver”. The rectum, which possesses a dorsal cloaca! sac or 
stercoral pocket, leads to the anus. Small prey is grasped, killed by a 
quick stroke of the poison-bearing fangs and “eaten” (sucked out). Larger 
items of food mav first be fastened with silk and killed later. 



Fig. ^7 f. SpiJer. 
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Fie. 476. A. front of heal of a spiJci (from Storer). B. spinneret of the <P»dcr 
Amwrob.us (from Savory). 1. eyes ; 2, pedipalpi; 3, spinneret; 4. po.son claw. 

The circulatory system is like that of an insect. The dorsal tubular 
heart lies in a pericardial cavity from which it receives blood through 
paired ostia. Blood is pumped out through vessels which empty into 
body sinuses. The large ventral sinus communicates with the sinuses 
of the book-lungs where the blood goes for aeration and returns by pul- 
monary veins” to the pericardial cavity to re-enter the heart. The blood 
is colourless containing amoeboid corpuscles and dissolved hacmocyanin 
as a respiratory pigment. 

The respiratory organs include the book-lungs which arc peculiar 
to arachnids. The book-lungs consists of folded lamellae or lcat- 
1 ike horizontal plates, 15 to 20 in number, inside the respiratory 
chambers, each lamella enclosing a blood sinus. Air entering the 
external slits on the abdomen circulates through the lamellae where 
exchange of gases takes place. Tracheae may supplement these, or 
replace them.' When present the tracheae arc like those of insects. 

The excretory system comprises a pair of Malpighian tubules 
that empty into the cloacal sac. These are similar in function to those 
of insects but not structurally homologous, having a different embryonic 
origin. Excretion is further helped by a pair or two of coxal glands 
in the floor of the cephalothorax that empty by ducts between the legs. 

Nervous and Sensory Systems. The nervous system is con¬ 
centrated consisting of a bilobed dorsal ganglion or “brain” united 
by two stout connectives to a large ventral ganglia. From these nerves 
radiate to all organs. The principal sense organs are the simple eyes, 
of which eight are usually present. Each eye has a chitinous lens, epi¬ 
thelial layer, optic rods and retinal cells. Vision in some spiders is 
keener than others. Sensitive tactile hairs cover pedipalpi and other 
parts of the body. The response to sound is uncertain ; they have, how¬ 
ever, been seen to move in consonance with the vibrations of a tuning 
fork. Some spiders have definite sound-producing mechanism. Appa¬ 
rently well-developed sense of smell resides in minute “lyriform organs” 
found on the body as well as appendages. 

Reproduction and Development. The sexes are speparate. The 
gonads are contained in the ventral part of the abdomen, opening to 


1 Considered homologous with thegreen glands of the crustaceans. 
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Fig. 477. Anatomy of a spider in a sagittal section. 1, eye ; 2, nerve mass; 
3, sucking stomach ; 4, heart ; 5, “liver” ; 6, intestine ; 7, ostium ; 8, cloacal 
sac ; 9, spinneret ; 10 , poison gland ; 11, palp ; 12, base of leg ; 13, caecum; 14, 
book-lung ; 15, ovary ; 16. silk glaods. 

the outside near the anterior end of the abdomen on the ventral surface. 
The male has two testes below the intestine that join by coiled vasa 
cflferentia to a single seminal vesicle leading to the genital opening. In 
the female the two ovaries (Fig. 477) are large and hollow, each with an 
oviduct joining the single vagina, into which open two lateral seminal 
receptacles. 

In copulation the sperm cells of the male are transferred to the female 
by the modified palps. Fertilisation is internal. The eggs are laid in 
silk cocoons, which, in some cases arc carried about by the females until 
the young spiders hatch. Female Lycosa carries the young on her abdo¬ 
men for some days after they hatch. The black widow, Lalrodedns 
Marians, lays 25 to over 900 eggs in a cocoon and produces such one to 
nine cocoons in a season. Her eggs hatch in 10—14 days and the young 
remain in the sac for two to six weeks after the first moult. Five moults 
arc needed by the males to attain maturity and the females need seven to 
eight weeks. 

Spider silk. The spider silk is a secretion of special abdominal 
glands and its chemical nature is that of a complex albuminoid protein. 
Its most striking physical property is its great tensile strength and its 
elasticity. A thread *oi cm. in diameter has been found to carry more 
than 80 grams before breaking and to have stretched by 20% of its 
original length. Spider makes many uses of silk which, unlike the silk 
of insects larvae, is used throughout life. It provides the gossamer threads 
on which the young “ballooning** spiders migrate ; webs are made of 
silk and captured insects are bound in silk fetters. \\ andcrers leave a 
silk dragline behind them. Sedentary spiders live in a silk home or in a 
silk-lined burrow, and eggs arc laid in silk cocoons. Snares, shelters, 
nests for hibernating or mating are spun with various kinds of silks by 
different species. 

CLASSIFICATION 

The schemes presented for classification of Arachnida are known 
for their diversity. The earliest systems need not be considered here. 
The first to be mentioned is by R. I. Pocock (1900) in the Fauna of British 
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478 Limdul polypi,mu,. A. donal view; B, ventral view. I. ch«'icei»e; 
2-6 rtfe 6«®ep ; 7. gaS.” opeteulum; 8. branchiate .ppend.ge. 1 9. caudal »p,ne. 
10, median eyes; II. lateral eyes 13. abdomen. 

India In this scheme the class is divided into nine orders Scorpiones, 
Ilronvei Amblypygi. Aranease. Solifugae. Palp.gradi, Pseudoscorpiones, 

Onihones Acari Tardigrada and Pentastom.da whose claims to be 
orouoed under Arachnida were regarded slender were as such excluded. 
In 19% Pocock' himself changed his groupings a bit, so has done Savory’. 
Bo radaile introduced a major change by promoting Arachnida 
fo the rank of a sub-phylum. Here the earlier scheme of Pocock 
Las been followed with the addition of Xiphosura for marine form 
L in,ulus and Eurypterida tor extinct forms. 

Class Arachnida. Arthropods in which the body is composed of 
twentv-one 1 2 somites and divided into two regions, a cephalothorax with 
sixoairs of appendages, and the abdomen or opisthosoma Genital orifice 
is on the first opisthcsomatic somite and a postanal telson frequently 
borne by the last. Respiration by gills, lungs or tracheae. Coxal 
glands of coelomic origin on the second to fifth prosomatic somites The 
sexes arc separate, but sexual dimorphism often inconspicuous ; the male 
organs diverse. Dtvelcpment generally without a larval stage. 

Order i. Xiphosura. Marine Arachnida in which the prosom 3 
is a broad semicircle and bears two median and two lateral eyes. Opis¬ 
thosoma hexagonal, broadly joined to prosoma with six mesosomatic 
— somites, a vestigial metasoma and a long spine-!ike telson. Chelicerae 

1 Encyclopaedia Briiannica, XlVih edition, 1929 

2 T. H. Savory, The Arachnida, 1935. 
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of three segments, small, cclate. Pedipalpi not different fromambula- 
tory legs, all with six segments and gnathobases, lying round the cen¬ 
tral elongated mouth. Posterior legs with exopodite and tibial apophyses 
forming a scoop. Chilaria behind the mouth. Mesosomatic appendages 
plat?-'ike, the first genital operculum, the rest bearing gill-books, on the 
exopodite. 

The king-crab, Liwu'ns , is the only living representative of this order 
hiving five living species. These animals have not changed much 
m form from their earliest fossil relatives and retain the archaic characters. 
They are found in shallow water along sandy or muddy shores and can 
*wim well but spend most of the time burrowing in the sand or mud for 
the worms and molluscs on which they feed. 





Fi*. 479. A and B free sw/mminq trilobiie larva of Limulut. A, dorsal view; 
H, ventral view (after Kingsley). C. 6m walking leg of Lmulus show.ng chew.ng 
process (1). 

The procoma is semicircular in outline with steeply sloping sides 
enclosing the space in which the appendages lie. The cxo f kc ^ ton * 
of tough smoothly polished chitin. The prosoma is furnished 

seven spines, one lying behind the median eyes, three in '^.'I'hree'sidTd 
and three on the posterior margin of the prosoma which is a three-sided 
re-entrant into which fits the opisthosoma. The median eyes ofLimtilus 
are simple ocelli with a single lens ; the lateral eyes arc compound. The 
opisthosoma is a broad hexagon without any trace of segmentation 
and with three spines along its middle line. Its postcro-latcral ma g 
carry six small spines and terminate in a much larger one. Between 
these six movable spines are articulated. The posicrior margin s 
three-sided concavity. It carries the telson articulated from its central 
edee. The appendages lie on the underside wholly- within the cavity 
formed by the sloping sides of the prosoma. The chcl.ccrae are • m H 
chelate organs of three segments, the chelae being smooth and finely 
pointed. The second pair of appendages, which in all ° ,hcr ,' 1 ' L. hich 

nida arc known as pedipalpi, are like other ambuUtory appendage of« h Ch 
there are four additional pairs (total five). These 'ncreasc g duall 

in sbe from first to the fifth. All are-efimposed of six segments but 

a mark across the tibia of some perhaps indicates a paella, and resto 
number of segments to seven-a characteristic of the arachnids (rig. 
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deep in sand or it trilnbite larva (because it looks 

free-swimming . In ““* tln t. , ’ is act -, vc , it also buries in sancl The 

like the fossil tilobite). Th adu | t# The spine also develops 

I"c V r t S he 0 fitTmouU n and inc e teases in length in the subsequent moult. 

Order a. Euryptetida.’ The ^extina A-*-** «»*«* 
carapace is not expanded an $ca$ of paleozoic times before 

the ‘cepha*iopods! Cr In app^ncc theywere like scoqpiom. 

s&sbau 3 i»JS2 ■su- - 

examples. 

w w — Pa/ —■ 

C,C Order d Pcdipalpi* Whip-scorpions. Arachnida in which the 

normally large chelate weapons, with trochanter.al pr^esses and t b.a 
apophyses. Sternum of three segments, elongated. Firstar ot eg^ 
used as tractile organs with many-jomted tarsi. Ambulator) legs 
with two claws. Respiration by book-lungs. Sexual dimorphism 
slight. Odoriferous glands at extremity of opisthosoma; nocturnal. 

1 Orders Xiphowra and Eurvpterida are included by some in a subclass 
railed Merostomata (Gigantostraca) ihc olher subclass including rest of ihc Arachnida 
is called Embolobranchiata. 

2 Orici Urop>gi of Pocock, Fauna of British India. 
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About 150 species arc known form Carboniferous to Recent. Tbtly- 
phonus indicus is a common whip-scorpion (Fig. 384,8) of India found 
jn damp places beneath stones or pieces of wood, in termites’ nests, or 
other crevices of shelter where they arc protected from light. Some 
species excavate burrows for the protection of themselves and their young. 
The young are hatched from the eggs, which the female previously 
carries about enswathed in a sticky membrane and attached to the ab¬ 
domen. Other genera include \Jroprcctus t Labochirus t Hjpoclonur, 
etc. 

Order 5. Palpigrada. Micro-whip scorpions. Arachnida of 
small size, in which the prosoma has the last two somites free and the 
opisthosoma is wholly segmented. Eyes absent. Tclson in the form 
of a long jointed flagellum. Chclicerae of three joints, chelate. Pedi- 
palpi of'six joints, leg-like, with small tarsal claws. Legs of 12, 7, 
7 and 8 segments respectively, tarsi with two claws. Mouth on a pro¬ 
jecting rostrum. No gnathobases on any coxae. Respiration cuta¬ 
neous or by three pairs of book-lungs on fourth, fifth and sixth opis- 
thosomatic somites. Live under stones. Examples include Koenenia 
(Fig. 384,1) Prokoemnia , etc. 

Order 6. Arancac (Arancida). Spiders, Arachnida in which 
the prosoma is protected by a uniform sheild without much traces of 
segmentation, and bears not more than eight eyes and is joined by a pe¬ 
dicle to the opisthosoma, which is usually unsegmented, bearing not 
more than four, usually three pairs of spinnerets. No telson. Cheli- 
cerac of two segments, moderately large and unchclate, containing a 
poison gland. Pcdipalpi of six segments, leg-like, tactile in function. 
Sternum present, usually ovoid. Legs of seven segments, tarsi with two 
or three claws. Respiration bv book-lungs or, tracheae or normally, 
both. Pedipalp of male modified as intromittant organ. Oviparous* 
eggs commonly in cocoons. Chiefly terrestrial. About 20,000 species 
have been studied. Carboniferous to Recent. Spiders are cosmo¬ 
politan, occurring in all oceanic islands. Some common genera includ 
the following : 

Pachy'omtrus , trap-door spiders, (Ctenizidae) make nests in holes 
dug in the ground, and closed by hinged door of earth and silk. 

Euryptlma, bird-spiders. (Theraphosidae) lives on ground or 
trees, bite painful but not dangerous to man. Indian genera of this family 
include Pblogiodts , Chilobracbys> etc. 

Ae-Una nccia, Grass spider (Agelenidae) web flat with funnel 
at side, in grass and in houses, hit-pas* .s a Indian genus that makes 
flat webs on grass, etc. 

Lycos*, wolf spider (Lycosidae), is a large hunting spider of at 
mm.'long, active, hunts prey and lives in silk lined underground hole, 
but docs not spin webs ; female carries egg cocoon and young. 

Latrodtcius mad,ms, black widow spider (Theridiidae) make irre- 
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gular web, bite dangerous and sometimes fatal to mankind. Theridion 
tepidariomm , house spider web flat in corners. 

Miranda aurantia , orange garden spider, Eptira marmorca (Argiopi- 
dae)with nests of leaves by the side of web are known orb spiders. 

The crab-spiders (Thomisidac) are short wide with crab-likc appea¬ 
rance and no web. Misumena , bright or white coloured, live in flowers 
mimic their colour ; Vbilodromus , mottled, Xjsticns , lives under bark or 
leaves. 

Jumping spiders (Attidac) are spiders without webs that run and 
jump in all directions. Sahirus , Pbidippus , ere., arc examples. 

Order 7. Solifugae. Arachnida in which the prosoma is more 
fully segmented than that of any arachnid. The opisthosoma consists 
of ten somites, each with a dorsal and ventral sclcritc. No tclson ; 
no pedicle. Chclicerae of two segments, chelate very large and power¬ 
ful. Pedipalpi of six segments, tactile, the tarsus ending in a suctional 
sac. Legs of first pair tactile with one claw, the rest with two claws 
third and fourth pairs with divided femora. Respiration by tracheae. 
Male usually with flagellum on chclicerae. No spinning organs. Found 
in warm dry regions. About 170 species known. Carboniferous 
to recent Ere»/okatrs> Gdfodcs “tarantula” of Egypt and Ammotnca arc 
good examples of this order. 

Order 8. Pscudoscorpionida (Chcloncthi). Falsc-scorpions. Ara¬ 
chnida in which the prosoma is covered above by a carapace, quadrate or 
triangular in shape and bears not more than two pairs of lateral eyes. 
Opisthosoma of twelve visible segment each provided with a distinct 
dorsal and ventral sclcrite. No pedicle ; no tclson. Chclicerae of two 
segments, small, chelate. Pedipalpi of six segments, large, chelate provi¬ 
ded with tactile setae and containing poison glands. Sternum usually 
absent. Legs of five to seven segments, all tarsi with two claws. Fore¬ 
legs of males occasionally modified to assist fertilization. Found under 
moss or stones in trees or about buildings. About loco species are 
known. From Tertiary to Recent. Cbe/i/rr canrreidcs is the common 
house or book scorpion 5.5 mm. long found about buildings. C.aijpus 
a Californian genus is about 7.5 mm. long. 

Order 9. Ricinulci (Podogona). Arachnida in which the prosoma 
bears a characteristic wide, oval, slightly convex plate (cucullus) an¬ 
teriorly. Eyes absent. Opisthosoma of nine somites, united to the 
prosoma by a pedicle which is normally hidden. No tclson. Chcli- 
ccrae of two segments, small, chelate. Pedipalpi of six segments, che¬ 
late, their coxae fused in the middle line. Legs of seven, eleven or 
twelve segments without spines, tarsi with two smooth claws. Res¬ 
piration by tracheae with apertures on prosoma. Metatarsus and tarsus 
of third leg modified as sexual organs. They have been found only 
in two regions of the tropics, the central west coast of Africa and the 
Amazon basin. Carboniferous to Recent. Only a single family with 
a small number of genera. Crjptostemma t Crjp/ocellus are the two 
known genera of which thirteen species are known and only 32 (18 
Crjptostemma, 14, Cryptocellus) specimens have been collected. 
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Order ,0. Opiliones (Phalangida). Harvestmen. Arachnid, in 
which the uniform prosoma bears two eyes, usually on prcm.nen 



tubercles (ocularium). No pedicle. No .ebon. Opisthoscma -hh 
ten tergites and nine sternites, more or less untied. Chdicerae 
three segments, small, chelate. Pedipalpt of** 
small, with or without a terminal claw. Legs ot se\ens gr 
generally lone, the second or fourth pair the l<>ngc.t (h 
called ‘‘Daddy lone-legs”). Tarsi many jointed provided with on , 
or three claws? Respiration by tracheae, a 

GonyUpt'S , PurttUia* etc., arc examples. 

Mites and Ticks. Arachnida in which 

/Order 11. Acar,na(Acari). Mites an ^ ^ No pcdic , c . No 

/c uniform prosoma may £ car ppmc ntation almost completely visible, 
telson. Opisthosoma \\ith i g associated with mouth parts, 

Chdicerae P^ and sucking functions, 

which arc modified for Man?’ sua n v with two claws and a protarsus 
Legs or cutaneously. Generally 

of varying form. Kespirauo 7 cf9arS with eicht legs. Parthcno- 

IcS not^unknow'n. 'they"*- f~ 

Rltn" d T^X; «hc rcdspX mile, sucks plan, juices ; TrM 
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al[reddugrsi (irritans ) the larvae of which puncture and irritate skin of 

labourers ; Hj'dmrbna (water mite) ; Argts persicus (fowl tick). Orni- 

bodorus mgnini (car tick) ; O. wovbata carries African tick fever; Sarcop/es 

scabei (itch-mite) the female burrows and oviposits in skin causing itch 

in man. Psoroptes communis (scale mite of sheep) ; F.riopbycs (blister 

mite) damages leaves, buds and fruits ; Dcmodtx foUicu orum , 

lives in hair follicle and sebaceous glands of man and domestic mammals 

and manv moie. 

* 

CLASS DIPLOPODA—MILLIPEDES 

Definition. The Diplopoda arc tracheate arthropoda with a- 
head bearing two pairs of jaws (mandibles and maxillae), a thorax 
consisting of four segments and a body consisting of numerous, for 
the most part, double segments ; the gonad is ventral to the gut and its. 
ducts open on the second or third post-cephalic segment. 

External Characters. The Diplopoda or millipedes (‘thousand 
legged’) have cylindrical bodies 
of many somites and the body 
wall includes the deposit of 
lime salts. The length varies 
from 2 mm. ( Polyxnms) to 
200 mm. (R binocri.nSy Spiro- 
strep/us). The head has six 
segments with the same appen¬ 
dages as in the centipedes 
except that the first maxillae, 
which appear in the embryo, 
do not persist in the adult 
stage. The maxillae arc applied 
together to from a gnatho- 
chilarium (Fig. 482). The 
antennae arc short and club- 
shaped and consist usually of 
seven segments of which the last is concealed in the penultimate- 
piece. The eyes superficially resemble compound eyes, but each is 
only an aggregation of many simple eyes set closely together. The 
thorax is short, of four single somites, each with one pair of legs. 
In Polydesmur only three segments of the thorax have one pair of legs each, 
one being without leg. The long abdomen consists of from 20 to over 
ico double somites, each containing two pairs of spiracles, ostia and nerve 
gangha and bearing two pairs of seven-jointed legs. The parts of the 
legs are exactly as in the centipedes. All the legs are apparently similar 
in si?e and shape. The genital openings arc paired and placed, both in 
the male and female, between the and and jrd pairs of legs. In the male 
on either side of the openings are copulatory structures or penes. 

Digestive Organs. The alimentary tract consists of a narrow 
oesophagus (stomodaeal) into which open two salivary glands ; a mid- 
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gut, a wide tube with short liver diverticula; and a hind-gut which receives 
the two or four Malpighian tubules at its anterior end. Most milli¬ 
pedes arc herbivorous. 

The nervous system is like that of the centipedes. The 
organs of special senses are represented by the simple aggregated eyes; 
by the olfactory hairs on the antenna and the organ of Tomosvary as in 
the centipedes. 

The vascular system consists of a dorsal tubular heart surrounded 
by the perforated pericardium. The tracheae are unbranched in most 



Fi*. 482 . A ventral view of anterior end of the body of female 
jilanalus (after Latzcl) 1 . ir.iennae; 2 ste«nsof La zeO ’ * the 

chord. 5 . intestine. B. Right mandiblei of <*""'*"»** of the s em; 

toothed ridges; 2 . the toothed plate; 3 . the I* ge tooth; 4 . *uuA \®! 1l “ e ” rior . 

b stiocs; 6 mufdcs. C. Gnathochilarium of Julvs 1. mala gnathochilarii c . 

2 . mala gnathochilarii interior; 3 . lobi lenguales; 4 , lingua; 5 , promentum, . 
gnathochilarii 7 , basilare; 8, mentum. 


diplopods but in the Oniscomorpha they are branched There arc two 
kinds of tracheae ; some larger w.th sp.ral fibres«nd 
without spiral fibres. There arc two pairs of stigmata in wen cioud 
Segment. P The excretory organs are represented by two or four malp.- 
ghian tubes which open into the gut. 

cvil-smdling. 

sstfs.i sj 
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Fig. 484. Larval stages of Slrongyloioma (after Metschnikoff)- A, larva in cuti 
cular envelope (1). B, newly hatched larva. . . , • 

in different species. The first somite bears a pair of four-jointed poison 
claws and on each of the other somites, except the last two, there is a 

pair of small 7-jointcd walking legs. All the 
segments arealike. The last apodal segment 
bears the anus and the last but one bears the 
median generative opening. Some lay eggs 
and others are viviparous. The young resem¬ 
ble the adults in form. The centipedes arc 
inhabitants of warm countries, hiding by day 
under stones or logs and running switt v 
about at night to prey on earthworms an 
insects. The tropical species are 6 to 8 inches 
long. The house centipedes, Se*H#ra % has 
fifteen pairs of extremely long fragile legs. 
It is very agile though small and cats insect, 
being harmless to man. 

Mouth parts. The head bears ocelli 
placed on the sides of the head behind the anten¬ 
nae and they may be numerous or tew. me 
labium is either free or fused with the anterior 
and ventral part of the cephalite. The mandi¬ 
bles are without palps and £*“ ""ft,,£ 
. . and bristles at the end. Each mandible 

1 '«• 485 ' Cen,,p ' <le ' divided into a basal cardo and a peripheral 

stipes. The first maxilla ««***« The second maxilla 

appendages of the first post-cephalic segment. The basal joint ° 
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is fused with the sternal plate of the segment (except in Sru.'i&ra) ; the 
free end bears teeth. The rest of the appendage consists of four segments, 
the femur, tibia, and two tarsalia, the distal tarsal is a sharp claw with 
the opening of the poison gland at its apex (Fig. 486, 487). 



Fig. 486 Photograph of che head of Scotofindra showing the cephalite, jaw« 
and other mouth paru. J 

In addition to the tergal and sternal plates a number of small sclcrites 
occur in the soft skin of the pleural region of the body segments. In 
some the tergal and sternal plates are partially or completely divided into 
a pretergal and tergal plates and presternal and sternal plates. The 
legs vary in length and normally each consists of seven segments coxa 
trochanter, femur,tibia and three tarsalia the last of which ends in a 
claw. The genital segment carries a pair of genital appendages which 
are better developed in the female and used foroviposition. In Scolo- 
pendra the genital appendages are lacking. 

Glands in the Body. Coxal glands occur in the coxal joints of 
the la St fo U r or pairs of legs ; pleural glands are found in the 
P , thc ,ast , P^'gerous segment, sternal glands in the ster- 

h lfd^wt hC anal 6 a r nd u S ° CCUr ,' n , thc anal sc S mCnt - ^ some (Gcop- 
htlidae) the secretion of the sternal glands causes the phosphorescent ? 

Digestive Organs. The alimentary canal consists of a long foregut 
or oesophagus which is stomodaeal being lined by chitin, the midgut 
pr °? Cf ; s . ^hout chitinous lining and the hind-gut or rectum 

Mn. KJI, Pr< ^ t0daCa u ,n natUrC > i# ,incd chitin and receives the To 
tong Malpyghian tubes at its anterior end. Thc rectum shows S-shaped 
curvature in Scoloptndra and is straight in li/bobius. The salivary glands 
open in connection with the mouth. In Scoloptndra the two anterior 
pairs are located in the head and open into the buccal cavity. There are 
two larger posterior pairs extending up to the seven bod?scgK to 
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some cases and opening into the mouth in front of the Second maxillae; The 
food of these consists of earthworms, slugs and insects. The prey is 
killed quickly by poison and is chewed with the help of the mandibles.-' • 



I II 

Fig. 487. I. mouth parts of Scoloptndr a mulica (after maxilla^wiS 

(poison claws) ; B, labrum ; C. mandib'es ; D, first L E * c i aW . 3 legs ; 

palp. II. Lxlhobm dissected (after Vogt and Yung). 1 

4. nerve cord ; 5. testis ; 6. vesicula sem.oabs; 7. antennae . 8,. »1» y J land 
Malpighian tubule ; 10. digestive tube ; 11. accessory gland ; 12. the accesoty g 

tjken out. . . , , 

Nervous System. A bilobed cerebral ganglion in the head con- 

nccS to the ventral ganglions,ed nerv.= the c.rcum 

^ 0< i ll j Cl ' VeS ' '^tOrs* an J Opines* of 

SS 

”s as 

tion of chitin covered with fine sensory hairs Tb.s isWMted: to 

auditory in function. The eyes are simple ocelli. 

compound eyes, resembling those of the insects and crustaceans. 
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Circulatory System.. The tubular heart extends along the whole 
length of the body, surrounded by the pericardium," with a pair of ostia 
and of lateral arteries in each somite, and in front it is continued as an 
artery to the cephalic organs. The blood is colourless. 

• The fat body occupy the pericardial as well as the perivisceral cavities. 
It.consists of aggregations of fat cells. 

'• Respiratory System. These animals respire by tracheal system. 
The tracheae as usual branch and anastomose (except in Scutigtra) and 
reach individual organs. The slit-like stigmata are placed on the pleural 
membranes (except in Scutigtra where they are seven placed in the mid¬ 
dorsal line) one pairin a segment. In Scutigtra the stigmata lead into 
tracheal sacs from which tufts of tracheae project into the pericardium. 

Reproductive System. The sexes are separate, each having one 
dorsal gonad and paired accessory glands connected to a ventral genital 
opening near the posterior end. The single and median ovary passes 
behind into an oviduct which divides into two, embraces the rectum 
and the two join again below it to open by the median genital opening 
The testis is varied in form. In Litbobius a median, tubular testes occurs. 
Its duct divides behind embracing the gut and after receiving two semi¬ 
nal vesicles, further back the two unite and receive two pairs of accessory 
glands. In Scoloptndra there are many spindle-shaped testes which 
open into a median vas deferens th fate of which is similar to that in 
Litbobius. 

Development. The majority of Chilopoda are oviparous though 
some scolopendras are stated to be viviparous. Litbobius lays eggs 
singly and rolls them in the earth. The European. Scoloptndra lays from 
15 to J3 eggs of about 3 mm. length , in June and July, in earth (3 to S 
cm. deep) and rolls itself round them. Thus, they protect them 
from contact with the earth and keep them moist by their body secretion. 
After some weeks they hatch into young ones similar to the adults in 
appearance. 

.Behaviour. The centipedes seldom come to rest unless the body 
is in contact with some solid object on at least two sides. This can be 
easily proved experimentally. Place Litbobius in a glass dish it will run 
about ceaselessly ; but if some narrow glass tubing is placed in the dish 
the animal will soon come tp rest in the tubing, which affords a maximum 
of contact with the surfaces of the animal. This proves that the centi¬ 
pedes are positive in reaction to contact. The very fact that they prefer 
to live under cover.and also hunt in darkness, probably guided by sense 
of touch in their movements, indicates that they avoid light, i.t., they are 
negative to light... *. 

The class is divided into two orders : (1) Pleurostigma, with tra 
cheal openings on-the pleural areas, the number,of.sterna never exceeds 
•that of the terga. . These include more or less cosmopolitan genera 

■Gtophilus ; Metis toctpbalus^. Hi manta rrum, Cnp/opt and Scoloptndra ^ etc. 
(a) Notostigma with ttacheaLopenings in the dorsal middle line and with 
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compound eyes. The number of stemites exceeds that of tergites. 
Scutigera is its example. 

CLASS SYMPHYLA 

Definition. The Symphyla are small arthropods with 12 pairs 
of legs and a head possessing antennae, mandibles, maxillulae, maxillae 
and labium ; the gonads open on the fourth post-cephalic segment and 
there is a single pair of spiracles which are situated on the head. 




Fig. 488 . A. Scutigerflla mmacuLla (after Utzel); B. ventral view °f the hind 

end of the same, young 1. eleventh leg ; 2. protrus.ble ventral sac ; 3. cere, witn 
spinning organ. 

General Account. The name Symphyla signifies that 'he animals 
combine characters of insects and myriapods (Ryder). h 7 Jnd y , e s 

podan in their number of legs and body segmen , L Smlolittia- 

rcsemble those of the insects. The Symphyla. represented by 
r,Ua and Scut^nlk, are small animals less 'han j mm .n leng h The 
head is distinct and the dorsoventrallyfattened body cons sts of. £ 

bearing and r } legless segments The h «\» antennae 

insects in constitution. It bears a pair or long > j of maxillae 

SSX& 1C w 

■!» s “‘ 
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authors (Haase) suggest that the ventral sacs are homologous with the 
coxal glands and function as respiratory organs. The last body seg¬ 
ment bears conical cerci at the end of which open ducts of spinning 
glands, the threads secreted by which are used for attaching the eggs. 

The alimentary canal consists of pharynx, oesophagus, stomach, 
intestine and rectum. Two or three Malpighian tubes open into the 
intestine. Into the mouth open a pair of salivary glands. Wcll-dc- 
veloped fat body occupies the greater part of the body cavity. Res¬ 
piration takes place by trachea which open by a pair of stigmata on the 
head beneath the insertion of antennae. A dorsal tubular heart with 
ostia and a ventral vessel carry on circulation. 

The gonads are paired, lying on each side of the gut, and open to the 
exterior by a median opening on the ventral surface between the fourth 
pair of legs. External genitalia is lacking. The nervous system is of the 
general arthropodan type. 

The symphyla are active animals found in most parts of the world 
and prey upon small insects. They live under stones and naturally avoid 
light. In their general habits and appearance they recall Campodea. 

UNCERTAIN ARTHROPODA 

There arc some arthropods whose systematic position is uncertain. 
They have been placed here without any definite status. They are some¬ 
times linked with the Arachnida or with the Diplopoda as a subphylum 
Progoncata. 

Pycnogonida. Sea-spiders. This group includes small to minute 
arthropods with short, thin bodies of one cephalic and 3 or 4 trunk somites 
(often fused to form a disc) ; and vestigial abdomen. The mouth is 
suctorial, at the end of a long proboscis, usually with three pairs of 
head appendages, one pair is ten-jointed 
and carries eggs (egg bearing). Walking 
legs are thin, four or five pairs, each con¬ 
sisting of eight or nine joints. Eyes are 
four. Sexes are separate. Eggs carried 
by the males and the developments is 
direct. Sometimes the larva is four-legged 
and undergoes metamorphosis. They are 
marine animals found on hydroids, anemo¬ 
nes, algae or under stones up to the depths 
of 2,000 fathoms. About 300 species are 
known. They occur from Miocene to Fig- 489 . Sea spider, Pycnogo- 
Recent. Examples include Pjcnogonum (Fig. rMm l,llor oU. 

489) ; Nympbon, Am mo theca t Pentanymypbous (five pairs of walking legs). 

Pentastomida. These are soft worm-like unsegmented animals 
with short cephalothorax and elongate ringed abdomen. Beside the 
mouth there occur two pairs of retractile hooks. There are no circula¬ 
tory, respiratory or excretory organs. Sexes are separate. The indivi- 
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duals arc parasitic in vertebrates.. The larva of Linguatfs/n serrata is. 
5 mm. long and lives, in lung, etc., of rabbit, horse, goat. The adult 
female is upto 130 mm. long and male upto 20 mm. long and lives in the 

1 - nasal cavities of fox, wolf 
and dog, occasionally in 
horse .and goat rareiy in 
man. Among other genera 
2 Reivhardia occurs in gulls 
and terns; Sibekia in croco¬ 
diles ; Kirirtpbalus in water 
snakes; some others are 
found in rattlesnakes, boas 
and pythons (Fig. 49 °)- 

Tardigrada. Water- 
bears and Bear-animalcules. 
These are small cylindrical 
unsegmented animals, 
rounded at both ends, 
about 1 mm. long. Each 
. possesses 4 pairs of stumpy 
unjointed legs (Fig. 49 °) 
ending in two or more 
claws, the last pair being 
at the hind end of the body. 
The anterior end is pro¬ 
vided with a retractile snout 

and teeth, mouth with 

stylet, no circulatory or 
respiratory organs are pre¬ 
sent. For excretion peculiar 

rectal glands occur. Sexes 
arc separate with only one 
gonaci each. Some have 
Fig. 490. Ct/>hclobctno itlropodo (after He> mom). j arva i $tacc$. More than 
Female 19-33 mm. parasiiic in snakes (Dothrops, * hayc bccn fC _ 

I.e/tcphis) in Argentine, Paraguay. 1, frontal pa- P . • about 

pilla \ 2, donal papilla ; 3, terminal segment svith corded. Echimscus IS abo 
anus. 0.2 mm. long, lives in moss 

on damp roofs, but can resist dcssication. Maerobiotis \so.j mm. long 
anfl occurs in fresh water. Marine and terrestrial forms are also 


kn °Trilobita. These are extinct arthropods in which the body length 
varies frem 10 to 675 mm. and it is divided into three lobes by length¬ 
wise furrows. Head is distinct, frem the abdomen of 2 to 29 segm n 
and there occurs a fused caudal plate or pygidium. All somites, excep -■ 
ine the last, are furnished with biramous appendages fringed by setae 
Development through larval stages. All forms were marine and about 
2000 species have been discovered from Cambrian to Permian, irutr- 
thus is one example.(Fig, 491). 
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Fig. 491. A. Pseudechiniseos suillus (after Grasse). I, doreal view of the animal; 
H, sculpluiing ol the 'oot; III, daw cnIargeJ. B, dorsal aspect of a Trilobna. I, 
cephalic shield ; 2, thoiar; 3, pygidhim. 

REVIEW QUESTIONS 

*1. Describe the Cephalic acd thoracic appeodages ol Palaemon and compare 
them with those of the scorpion (A. U. ’ 52, Agra’ 48). 

. 2.. Compare the mouth parts of the prawn, cockroach and scorpion with olc 

3. Compare the mouth parts of a cockroach, Anopheles, housefly and bed-bug 
and show how they are adapted to the respective model of life (Agea ’ 43 and * 50). 

4. Give a brief account of the digetive organs of the prawn (Agra ’ 49). 

5. Give an account of the parts that subsene respiration in prawn, cockroach 

arid scorpion (A. U.’48 ; Agra ’ 46).• . . ., 

6. Describe the organs of crculation in the prawn and compare them with 

other-arthropods studied by you. . 

7. Compare the structure and functions of the heart in prawn, cockroach 
and scorpion (A. U. * 49). • 

• 8. Describe the structure of a compound eye, adding a note about the mosaic 
theory of vision (A. U. ’ 51 ; ’ 53). ...... . ... 

9. Describe the reproductive organs of a scorpion and compare them with 

those of the prawn. • • ...... 

10. Give an account on the life-history of honey-bee ahd discuss the economic 
importance ol the animal (Agra * 53). 

11. Prepare a. radio talk of locust, cockroach, housefly, and mosquitoes as 
insects dangerous.to man. Suggest steps for protection against them (Agra ' 51). 

• - * ‘ 12. Write holes on : Parthenogenesis (A. U. *50); Zoea (A. U ’49, Agra, '50. 
‘54) r Nauplius (A- U. ’48 ; Agra *60); haemocoel (A. U. *49); Mosaic theory ot 
vbion(A. U. ’ 48); Renal gland of prawn (A. U. ’48); Symbiosis (A. U. ’48); Com¬ 
pound eye (Agra ’50 ’53); Commensalism (Agra ’54)-; Autotomv (Agra *52) ; Hastate 
plate Agra *50) ? Green gland (Agra ’5C); Book 'lung (Agra ’50); Gill book ; Coxal 
gfind(AgriV49) Metamorphosis (Agra 49). • 
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PARASITISM 



Parasitism is an intimate relation between two animals in which 
one is injured. Usually the parasite takes food from its host, but 
parasitism is not always concerned with food relations. Parasites may 
’cause injury by occupying space within the bodies or dwellings of 
their hosts, by giving off poisons, and by other similar means. 
Throughout the animal kingdom parasites occur but mostly they are 
found among the protozoans, platyhelminths, nematodes, arthropods, 


etc. 

Types of Parasites. Parasites may live on the outside of the 
animals called their hosts. Such parasites are called ectoparasites. 
Some parasites may live within the body of their hosts and arc called 
endoparasites. Some species are forced to lead parasitic life—they 
cannot live otherwise—and are called obligatory parasites (filarial 
worms, ccstodes, etc.). Whereas the facultative parasites are such that 
can lead an independent life if opportunity comes (maggots of some 
flics). Some parasites must be continually associated with their hosts 
and are permanent (ccstodes), while transitory parasites may come 

in coutact with their hosts only at intervals or during certain phases 

in their life-cycles ( Gastrophilus , Haemoncbut). Then there are social 
parasites that invade societies and live at the cost of the community. 
Accidental parasites are such that are not normally parasitic but are 
forced to live as parasites due to some unusual circumstances, borne 
parasites are periodic and attack the host for short periods only as tor 
instance mosquitoes. Erratic parasites live in an organ which is no 
their normal habitat {Fasciola hepatica in the lungs). Parasitism leaa. 
to a high degree of specialization in their host requirements some neeci 
only a single host while others need two or more specific hosts o 
complete their life-cycle. Therefore, a regular alternation of gen • 
tions may occur in such cases. Parasites having associations wi 
single host arc known as monogenctic parasites and have simple 
cycles but there are others that have relations with two or more h 
and have complicated life-cycles with alternation of generations, b 
parasites are called digenetic or tngenetic depending upon the num 
ber of hosts. _ . , , , 

There are numerous examples of parasitism. It,s ^ ,n 
scope of the present chapter to give even a few. Some divers t) p 
are given here. Two shrimp-like crustaceans, 
live in the canals of gigantic loggerhead sponge and feed «P°" 
.issue scrapped off the walls of the canal. A m.dge larva of sw.ft 
streams lurks under the wing-pads of mayfly nymphs and sucks noun 
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ment from the bodies of its hosts. Order Isopoda includes a large 
number of parasites. No group of Crustacea presents more examples of 
parasitism than the Copcpoda. 

Among the protozoan parasites the most familiar example is 
furnished by the malarial parasite ( Plasmodium ), although there arc many 
more like the dysentery amoeba {Entamoeba histolytica) ; Giardia,thzt 
causes intestinal disorders; Leisbmauia (kala-azar) ; Typanosoma ^sleep¬ 
ing sickness), etc. The famous helminth parasites include the tape¬ 
worm (Taenia), the liver-fluke (Fasnola bepahea) the blood-fluke 
(Schistosoma haematobium ), the pin-worm of children ( Enterobws 
vermicularis') , the hook-worm (Ancylostoma duedena/e ), the trichina • 
worm ( Trichinella spiralis) and As car is lumbricotdes . 

Origin of Parasitism. The parasites were known and discussed 
many centuries ago, for instance by Aristotle and Hippocrates, but it is 
only during the last half a century that the subject has made great 
strides on account of the increasing realisation of its importance and 
the amount of exact knowledge that has been gained. The origin ot 
parasitic habits is associated with the attempt to secure food for itselt or 
for its offspring. Sarcophagid flics usually deposit their eggs in dead 
flesh, but sometimes they lay eggs in open sores and their larvae invade 
living animals. Some animals become attached to certain others in 
response to their sessile habits and ultimately they start drawing food 
from the animals to which they arc attached and become parasites. 
Sacculina, a crustacean, is an example of this type. After developing 
habits of attachment to a particular animal it has become parasitic and 
now depends on the absorption of nourishment from the host. Some 
(Clark, 1921) authors conclude that assumption of sessile life by a 
species is often the first step toward parasitism. 

There is another view regarding the origin of parasitism. Some 
people believe that commensals have often become parasites. Ewing 
has given a very thorough discussion of the development of parasitism 
among mites. He concludes that among the “living forms we can 
trace out all stages of advancing parasitism, including the occasional or 
erratic parasitism, semiparasitism, facultative parasitism, even to the 
fixed and permanent type, and finally to endoparasites.” 

Pathogenic Effects. The parasites are responsible for many 
types of pathogenic effects. The pathogenicity of parasites varies 
greatly depending on their numbers, their habits, whether migration 
takes place in the host and especially the degree of adaptation that has 
developed between the host and the parasite. The following are the 
• ways in which the parasites do harm to their hosts: 

(/) by absorbing food intended for tbe host (tapeworms); (/V) by 
sucking blood or lymph (hookworms, ticks^ ; (Hi) by feeding on the 
tissues of the host (ascarids, maggots) ; (i>) by causing mechanical 
obstructions or pressure (ascarids, microfilariae) ; (i>) by causing the 
growth of nodules and tumours which may be of malignant nature 
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(Gongylonema neoplasticum in rats); (yi) by perforating vessels ( Habronema 
megastoma)% ( vii ) by causing wounds through which ■ infection may 
enter ( Ascaris , Demodex); (viii) by destroying the tissues ( Cystictrcus 
tenmicolliSy Dioctophyme renale) ; (/x) by irritation (lice. Fasciola) ; (x) by 
secreting toxins or otherwise harmful substances such as ( a ) antidiges¬ 
tive enzymes (gastrointestinal* worms) \ (b) digestive enzymes (tric- 
honemas, maggots of blowflies) ; ( c ) anticoagulatory and haemolytic 
enzymes (hook-worms, leeches, blood-sucking arthropods) ; and (x/) 
by transmitting casual agents of infectious diseases such as bacteria, 
blood protozoa, viruses and filariae. 


Host and Organ Specificity. Any species of parasite, generally 
speaking, becomes associated only with particular species of hosts or 
only a single species. If a parasite attacks more than one host spe¬ 
cies these hosts are usually closely related. THe number of such 
parasites that can live in a large range of hosts is very little (e. g. Trich- 
ittella spiralisy Sarcoptcs scabies). Ordinarily same parasites of sheep can 
not live in cattle and those of the donkey arc not found in the horse. 
If the parasite is able to establish in a host, the latter is said to be tole¬ 
rant and if it is not able to establish the host is said to be refractory. 
An animal is said to be the natural host of a parasite when the latter 
is able to develop and live normally in it. If a parasite enters an un¬ 
suitable host it cither dies very soon, or it may develop for some time, 
but docs not reach sexual maturity, or, in certain cases, it may become 
encysted and be able to complete its development if it should eventually 
find its way into the suitable host. 

The parasites usually attack a particular organ in the body of the 
host although the reasons underlying this organ specificity arc not 
clear. Of the internal parasites the largest number inhabit the alimen¬ 
tary canal, especially the intestine. The lungs, body cavities and blood 
vessels are also attacked by the parasites frequently even the heart, 
brain, eye and bones do not escape. 

Resistance and Immunity. Every host tries to put up a resistance 
to the effects of parasites. The parasites, on the other hand, adapt them- 
selves in such a way that leads right to the state of commensalism, in 
which the host suffers no ill-effects. Ability of an animal to resist infec¬ 
tion by parasitic organism is called immunity. It is an essential require¬ 
ment for survival, since most animals arc perpetually menaced by viruses, 
bacteria and parasitic animals. Immunity of animals ,s due to many 
different mechanisms, such as impervious skin antiseptic stomach (due 
to acid) activity of phagocytes, and chemical dclcnce by antibodies. 
The immunity may be natural (natural immunity) or acquired (acqu¬ 
ired immunity). Natural immunity to parasites varies Irom an abso¬ 
lute refractoriness to complete tolerance and it depends on age (age 

immunity) or on nutrition, vitamins and general conditions. In some 
cases a strong immunity results from one infection so that "infection 
,s unsuccessful. This is acquired immunity In cases of 
reinfection the effect on the parasites may be stunting of growth or 
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complete'inhibition of development beyond a certain stage, or decreased 
egg-output or all of these. 

Host-Parasite Relations. The association of the individuals 
may be in the form of parasitism commensalism and symbiosis. A 
parasite lives partly or wholly at the expense of its host. It may be 
completely dependent on the host and definitely injurious to it. The 
most successful parasite is the one which does the least harm to its 
host. Example of such a parasite is provided by a crab ( Pinnotheres) 
which lives in oysters, scrapes mucous string from the edges of the 
gills, without injuring the body, but steals its food all right. Certain 
chalcids lay their eggs upon the pupa of ants, the larvae hatch, live and 
do not harm the pupae. 

Hosts, on the other hand, try to avoid parasites by some means 
or other. The common method is secretion of certain juices which do 
not allow the emergence of parasites from their cysts as in some proto- 
roan parasites. Sometimes the body fluids may contain such qualities 
that may not allow the parasites to flourish. Then certain species 
become immune to the actions of some species but not to others. For 
instance, Trypanosoma brucci is killed by human blood, while T. gamhiense 
is not, and causes the deadly disease, sleeping sickness. 

The parasites are mostly sedentary creature and their environment 
is usually constant or is not subject to much variations. This decreases 
the importance of sensory and nervous systems which arc usually reduced 
or lacking in the parasitic animals. The eyes, for instance, arc present 
in the free-living turbellarians, reduced in ectoDarasitic trcmatodcs and 
are lacking in the cndoparasitic trematodes and cestodes. The eye-spot 
may be present in the larval stages e. g. in the miracidium of Fasciola. 
In most of the endoparasites the locomotor organs arc also lacking and 
so arc the trophic organs. The extent to which the trophic, locomotor, 
and ncuro-sensory systems of a parasite are reduced depends to a large 
extent on the degree of dependence of the parasites on the host. In 
some cases they are reduced to such a degree that the parasites arc 
referred to as ‘degenerate’ which of course they are not. They arc 
rather perfectly adapted. A good example of this type is furnished by 
Argulus t the carp-lice, in which the appendages become modified to 
form adhesive discs and hooks. Another crustacean Sacculina is parasi¬ 
tic on crabs. In the adult condition it looks like a round swelling on 
the underside of the trail-end of the crab. It extracts the juices from the 
unfortunate host by means of branching root-like threads. The para¬ 
site is a little more than a bag of eggs which hatch out into larvae 
resembling those of the barnacles. 

1 • Adaptations. The parasites develop remarkable means to adapt 
themselves to the various ways of life. Although the first major 
problem of the parasite is foQd. It must get it from the host and for 
this reason it must remain attached to or associated with the host. To 
attain this they . often possess structures for .attachment such as. hooks 
and suckers as in the cestodes, trematodes, mites and other insects such 
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as the anoplurans. The shape of the body may also be altered to suit 
the environment in which it lives. The tapeworm and round-worms 
have elongated bodies as they live in the alimentary canals of the host. 
Some mites that live inside the quills of the feathers of the fowl and 
other birds have elongated bodies ; likewise the mite Vtmodtx that 
lives in the hair-follicle of the host is also elongated. 


The body of the flea is laterally flattened to enable it to move 
freely among the hairs and feathers of the host, the lice on the other 
hand are dorso-ventrally flattened. The leaf-like bodies of the liver- 
fluke occupying spaces in the body and the elongated form of the 
blood-flukes, etc., are further examples of this type. 

The structure of the parasites usually becomes simple. The tape¬ 
worm, for example, which lives in the food inside the host s food 
canal, has lost its own alimentary canal and feeds by absorbing, through 
its skin, the food amid which it lives. Most of them lose their loco¬ 
motor organs as they are not needed. The parasitic insects, such as 
the fleas and lice, have lost their wings as they live amid the hairs ana 
feathers on the surfaces of the bodies of their host. 

There are numerous special adaptations for obtaining food. The 
mouth-parts of the blood-socking insects, for instance, have deve oped 
into efficient blood-getting tools. Some structures arc modihed tor 
piercing and others for sucking, all lying in a gutter formed by the 
lower lip when not in use. The mouth-parts of the blood-sucking 
horse-flies are built on the same plan, but they are shortcr ^ c Coa I S h C ' 
that is why they inflict more painful and more irritating bites, 
mouth parts of tsetse flies and the stable flics are slso modified 
inflict painful and very annoying bites. 

Some lice feed on solid tissues of the host body;.. , cy . 
their mouth parts adapted for chewing scales an P thcm can 
present on the skins of their hosts, so much so, c Jm :i ar i v there are 
Cite off bits of hair, or feathersi.ndI chew them. 

some worms (r. g. hook-worms) that live in th “ whjch 

this manner. They have powerful, bell-shaped >- na , 0 f the 

is a suctorial pharynx, which enables 'hc worm ^ £ c „ g shape(1 

lining of the host’s food canal Th " e Hookworms combine this 

mouth that rasp pieces off this plug of tis • • jn the | on g run. 

method with blood sucking, and may cau iemo ve nearly two 

11 has been calculated that fifty dog hookworms can remove n y 

tablespoonfuls of blood every day. 

After having obtained food and security the para 1 K _ 

fight the battle on which the survival of ! he -T'^thi n the body of the 
production. With the parasites firmly sta roned with» world 

host its offspring have to face the injurious eBec The 

outside. The fertilized egg, for instance, is openY djmJging 
climatic conditions such as rapid changes o P j ’ num bet 
effects of the rays of the sun and drying, etc. may destroy E 
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eggs. These risks are countered by the production of a large number of 
eggs. Ascaris lumbricoidts , the round worm of man and the pig, for 
example, produce 200,000 fertilized eggs a day. American workers 
estimated some time ago that in China 355 million people were infected 
with this worm and the total weight of the eggs produced each year 
was 18,000 tons, indeed a remarkable figure seeing that one egg is about 
1/500 inch long. The tapeworms also produce remarkably large num¬ 
ber of eggs. The huge fish-tapeworm of man which may be 60 feet 
long may produce 36,000 to 1,000,000 eggs a day ; the beef tape¬ 
worm may produce 50—150 million eggs a year. 

To protect the eggs from climatic factors they are protected with 
resistant envelops of various thickness and various designs. The eggs 
of Ascaris are so well protected that they can live outside the body of 
the host for about five long years. In some parasites the female lays 
the eggs in places that they get necessary warmth for development 
and the young parasites that hatch out have good chances of estab¬ 
lishing themselves inside or on the surface of the host. The lice, for 
instance, glue their eggs to the hairs of man and their other hosts. 
One or more eggs of the warble flics arc glued to a single hair of the 
cattle. On hatching they bore their way through the skin of the host 
and live as parasite for some time. During the period of parasitic 
life, which lasts for months, the grubs of the warble flics grow up 
and make their way to the skin alongside the vertebral column of the 
host and there they cause the formation of swellings, or warbles, inside 
which the grubs become mature. 

Some insects whose grubs are parasitic lay their eggs actually 
inside the bodies of the hosts in which the grubs live and develop. 
The hosts themselves are often grubs of other insects. It is quite 
interesting to note that in some cases the parent of the parasitic grub 
tries to investigate whether any other egg has already been laid inside 
it. If any other egg has been laid in the particular host the mother 
will leave that host andt ry to find another. 

These methods of protecting the offspring are remarkable, but in 
still other cases it is found that the young one develop inside the 
bodies of the mother. The tsetse flies nourish their larvae in their 
wombs and feed them on “milk glands’* till they are ready to pupate. 
At birth she places the grubs in sheltered place, such as the bark of a 
tree or in warm moist soil where it pupates at once. The larvae of 
the tropical flies are open to many risks which are reduced by this 
method. 

Apart from the production of large number of eggs, some para¬ 
sites increase the number of infective stages, as it happens in the case 
of the liver-fluke. A single egg gives rise to a single miracidium which 
enters and parasitizes a certain species of snail. In the body of the 
snail each miracidium becomes a reproductive sac, the sporocyst which 
produces several rediae, which are able to produce more rediae. Then 
each redia produces several cercariae that infect the new host. From 



6z4 


A TEXT BOOK OF INVERTEBRATE ZOOLOGY 


a single egg, in this way, several cercariae are produced. This-helps the 
parasite to make a mass attack on the host whose resistance to the 
parasite may be relatively easily overcome. Many other parasitic 
animals use this kind of device for multiplying the number of poten¬ 
tial adults derived from a single fertilized egg. 

There are several types of methods developed by different para¬ 
sites to enter the body of the definitive host. Special mention may 
be made of those parasites that work their way through the skin of 
the host. This capacity naturally increases their chance of reaching 
the right place to live. For example, the young of the hook-worm of 
man, cattle and other animals, and those of some flukes are provided 
with structures that enable them to bore their way through the skin 
of their host. 


From the above it is apparent that the parasites arc the mosr 
interesting, remarkable and efficient animals. There is no ground tor 
despising the parasite. If the parasite causes incalculable illness and 
suffering in man and other animals, this harm is a danger signal tor tnc 
parasiteitsclf, because the death of the host means the elimination ot Uie 
parasite. In fact all the pain and illness caused by parasitic animals s 
due to faulty adaptation between the host and parasite and this fault is 
rectified in some time by the process of evolutionary adjustment, in 
result is that there arc many parasites and hosts that live toge JJ 
harmoniously without disturbing the biological processes o 


other. 


PHYLUM 

MOLLUSCA 



Definition. The Mollusca are soft-bodied, non-mctameric, funda¬ 
mentally bilaterally symmetrical animals, usually enclosed in a calcar¬ 
eous shell of their own secretion, and uniformly having an enclosing 
envelope, the mantle, a muscular mass, the foot, and, in some, trocho- 
phore larvae similar to those of annelids. 

General Characters. The Mollusca (L. mollis , soft) arc bilaterally 
symmetrical (asymmetries occur in some in connection with certain or¬ 
gans) animals having soft unsegmented bodies consisting typically of an 
anterior head, a ventral foot and a dorsal visceral mass. The body is, 
more or less, surrounded by a thin fleshy mantle and is commonly shel¬ 
tered in an external calcareous shell made up of i, 2 or 8 parts. The shell 
is internal in some and reduced or wanting in others. The head region 
is developed, exceptions being Scaphopoda and Pclecypoda. The 
ventral muscular foot is variously modified to suit their mode of life. 
It helps for crawling, burrowing or swimming. The digestive tract is 
complete often V-shaped oir coiled, mouth with a radula bearing trans¬ 
verse rows of minute chittlnous teeth to rasp food (except Pclecypoda). 
Anus opens in the maniac cavity. The digestive system is provided 
with a large digestive gdnd (“liver”) and often salivary glands. They 
possess a wcll-devclopcs coelom (in gonads and pericardium), entcron 
and hacmococl, quite ditinct from one another. The circulatory sys¬ 
tem consists of a dorsal heart with 1 or 2 auricles and a ventricle, usually 
lodged in a pericardia Icavity. There is always present an anterior aorta 
and other vessels. Respiration is effected by means of gills or ctenidia 
or the pulmonary sac in the mantle cavity, by the mantle or by the epi¬ 
dermis. Excretion takes place by kidneys (nephridia) connected to 
pericardial cavity and veins. The nervous system consists of a periocs- 
ophageal ring connecting the dorsal cerebral ganglia with the ventral 
suboesophageal ganglia. With the latter is connected the ventral nerve 
cord, and cross connectives and nerves. Many molluscs have well-de¬ 
veloped organs for touch smell or taste, eye spots or complex eyes and 
statocysts for equilibrium. The sexes are usually separate, some being 
hermaphrodite and others protandric. The gonads are two or one 
provided with ducts. Fertilization takes place within the body or out¬ 
side it. Mostly the molluscs are oviparous. Egg cleavage is determinate 
unequal and total (discoidal in Cephalopoda). A "veliger” or free tro- 
chophore larva is often ^present. There is no asexual reproduction. 

40 
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The molluscs are animals of diverse forms (Fig. 492) and habits and 
arc free living creatures that creep slowly. A few arc attached to rocks 
shells or wood, some burrow, others float and some like the squids and 
octopuses can swim freely. Some molluscs are of economic impor¬ 
tance specially clams oysters, squids serve as food for human beings. 
The shells of some freshwater clams are cut into buttons, and some 
bivalves produce pearls. Some snails act as intermediate hosts for 
some parasitic worms. Some slugs and snails feed on plants and one 
mollusc, the teredo, lives in wood especially of ships and wharves. 

The molluscs vary in size. Some minute snails arc under 
1 mm. in diameter and some 
conch shells arc more than 
10 inches long. Various 
chitons are h to 8 inches 
long. The tooth shells arc 
mostly under 2 inches, but 
some grow to six inches. 

The pclccypodan shells vary 
from half inch to four and 
a half feet (Trulaemt fans a) 
which may grow to weigh 
550 pounds. The giant 
squid (Ar'bit'utbis ) is the 
largest of molluscans hav¬ 
ing a 20 feet long body and 
tentacles of 35 feet. 

The Mollusea is divided 
into five classes of diverse 
forms and habits. They 
are : (1) Class Amphineura, 
the chitons ; (2) Class Scap- 
hopoda, the tooth shells ; 

(3) Class Gastropoda, snails 
and slugs ; (4) Class Pclc- 
cypoda, clams, oysters,-... 

■io P iss^,i“ dwa “ c ' ph ""^ n*. 

CLASS AMPHINEURA 

Definition. The Amphineura are MoUusca with more or less elon- 
gated and symmetrical body with mouth and anus situated at opposite 

* ■ l ”” p ™ dri ™ h —.pi»s «. 

General Characters. The Amphineura always possess a very large 
mantle that covers at least the dorsal surface and the sides of 
The external symmetry of the body is repeated by 
also. The nervous system compnses two longitudinal cords, one ped\T 



* 

F, ig - 49S *. B ?^ y P Un of different classes of 
D. 0 ilaif a ‘ A,chuon:B * cUm ; C, squid and 


A TEXT BOOK OF INVERTEBRATE ZOOLOGY 


628 


one pallial with ganglionic cells over their surfaces, and united with one 
another in front. The two pedal cords are also united by anastomoses, 
the two pallial cords are united by a thick posterior commissure on the 
dorsal side of the rectum. Statocysts arc lacking. Generally the buccal 
cavity with radula (mandible in a species of Chaetoderma). The anal 
and renal openings arc posterior. The heart is dorsally situated in the 
hind part of the body and its ventricle is more or less intimately united 
to the dorsal wall of the pericardium. The Amphineura are exclusively 
marine, found at all depths. They were found in the Ordovician era 
and arc now divided into two orders (a) the Polyplacophora and (b) the 
Aplacophora. 

TYPE CHITON 


The chitons arc marine and live in rocks, mostlv in shallow 



waters from the tide lines to mo¬ 
derate depths. Their body is 
characterized by a large foot 
occupying the whole of the 
ventral face of the body (Fig. 
494B), eight calcareous plates on 
the mantle and a complete row 
of branchiae between the foot 
and mantle. Chitons cling 
tightly or creep slowly by foot, 
but if disturbed they curl up like 
a “pill-bug**. 


Fig. 491 . Chiton. A, dorsal acd B* General Structure. The 

ventral view. I, shell; 2. head; 1. . 1 oneatCi elliptical with 

mouth; 4 , foot; 5 . pallial groove; 6. body s eion£ c i 
anus; 7, mantle; 8. ctenidium. a convex dorsal surface paring 

spines. The mantle cover, n f /pig. 494). Between the 

flat foot occupies most of the ventral v g 494 ) Bcncath 

foot and the nUt.e there is XXretthet^SoX'cr “ 
the antenor & a d tentacles and contains the mouth, on 

ttSfr'JS'ASj T I*. Ubi .1 HP. The 

lies on the other side of the body (Fig. 49 *)• 

Thr alimentary canal extends from one end of the body to the 
othlr The 1 mouth leads into the buccal cavity in thefloorofwh.ch 

lies the radula with many cross rows of 1 7 ,!?uHt S sldei 
nair of salivary elands open in the buccal cavity and lie atthe Siaes. 

Two pairs of mucous glands, lying 'enrraHy.alsoopeninm^. 
pharynx leads to the rounded stomach to which is the«bge» 

live gland or liver. The intestine that is long and coiled and opens 
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at the anus situated posteriorly in the pallia] groove (Fig. 495). The food 
of Chiton comprises seaweeds and micro-organisms scraped from the 
rocks with the help of radula. 



Fig. 495. Onion. Alimentary canal of. 1, radula; 2, digestive gland; 3. shell ; 
4, inte.uine ; 5. mantle ; 6, anus ; 7, stomach ; 8, loot; 9. mouth. 

The heart enclosed in a large pericardium occupies the posterior 
dorsal region of the body. It consists of two auricles and a median 
elongated ventricle connected to an anterior aorta, which carries 
blood to the various organs and intervisccral blood spaces. The venous 
blood from the different parts of the body is conducted back to a large 
sinus, on cither side, near the line of union of the mantle with the 
body. 

In each pallial groove are situated the gills 6 to 80 in number 
in different species. The gill rows may be cither holobranchial type, 
in which case they extend over the whole length of the body or of the 
mcrobranchial type confined to a limited space towards the posterior 
side of the body. 

The excretory organs comprise two slender kidneys each of 

which consists of an elongated renal canal, 
situated on the lateral sid: of the visceral 
mass and folded on itself so that its two ends 
are posterior. 

The nervous system consists of a ring 
about the mouth that connects to two pairs 
of longitudinal nerve cords, the pedal in 
the foot, and the pallial in the girdle. The 
cords are connected by many transverse 
connectives and are devoid of ganglia. Some 
chitons have eyespots or eyes in the integu¬ 
ment over the shells. 


The reproductive organs are paired and 
Fig. 496 . Nervous system symmetrical in one species Nuttalochiton 
of Chiton, byad'si ; in the others it is single and median 

lying on the dorsal side of the body, between the aorta and 
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intestine, and extends from the anterior end to the pericardium. In 
Chiton the ovary is frequently of greenish colour and testis red. The 
ducts are paired, one running on each side to open posteriorly, in 
front of the renal aperture, between two of the posterior gills. Fertili¬ 
zation is internal and the eggs arc laid singly or in strings consisting of 
200,000 eggs. These strings readily break into fragments. The seg¬ 
mentation is total and regular in early stages. A gastrula is formed 
by invagination. The blastopore is placed on the vegetative pole of 



pear, -- - » 

theo'vum, and docs no. close, but shifts .0 the anterior end of the embryo. 
A ciliated ring develops surrounding an apical tuft of cilia in the 
thus transforming the larva in a trochophore (Fig. 497). 


Fie. 497. Development of Chilcn. A. liochophore with fool b'*' nnin ? “ 

•; B^arva attaches by loot; C, .hells clearly marked (after Meath). 1. fool. 2, 



,f ihe posterior c xtrcmi > (*s [ n 9 digestive tract. 10 . pericardial duct. 

■ 4-ccui c “ rc - ,4 - anu5: 


,f the posterior »- heart -8 sill; 9 . digestive tract. 1 U. pcncaruiai u-v„ 

anU5; 

,s: SSW- “ SSaSrStlSS 
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groove or is lacking. These animals live on corals or hydroids at con¬ 
siderable depths in the sea. Some authors (Parker and Has well) have se¬ 
parated these two orders and raised them to classes. 

CLASSIFICATION 

Class Amphincura is divided into two orders : Aplacophora 
and Polyplacophora. 

Order i. Aplacophora (Solcnogasters) are worm-like Amphincura 
with thick integument and calcareous spicules representing the shell. 
Foot is rudimentary. They live at the bottom of the ocean. Keowtnia 
is 20 to 50 mm. long hermaphrodite form with two gonads found 
in the North Atlantic. Cboetodernta about 25 mm. long is another 
known example of the group found around North Atlantic. Sexes arc 
separate each having one fused gonad. 

Order 2. Polyplacophora (or Loricata) arc elliptical Amphi¬ 
ncura with a shell made up of a mid-dorsal row of eight broad plates. 
This includes chitons found chiefly in shallow coastal waters. 6co 
living and too fossil forms arc recorded. Chiton* ToniceHa , Cbatlopltura , 
Is nodi ton ; Cryptoditon , etc., form its examples. 

CLASS SCAPHOPODA 

Definition. Marine bilaterally symmetrical Mollusca in which 
the body and shell arc elongated along the antero-postcrior axis, arc 
nearly cylindrical, and surrounded by a complete tube of mantle ; head 
is somewhat rudimentary, without eyes, the foot is cylindrical adapted 
for digging, a radula is present but no ctcnidium. 

General Account. The Scaphopoda (Gr. skephe t boat +podoj 9 
foot) or tooth-shells or tusk-shells were formerly mistaken for tubicolous 
annelids but later on discovered to be molluscs. They are all marine 
living in shallow waters up to 15,000 feet, partly buried in mud or sand 
allowing only the posterior extremity to project from the substratum. 
They feed on unicellular organisms such as Protozoa, Diatomacea, etc. 
About 200 living and nearly 300 fossil species are known. The fossil 
species extend back to the middle Silurian. Dentaluim is the most known 
genus of the class. 

Shell. The shell of Dtntalim (Fig. 492E) is an elongate, slight¬ 
ly curved cone containing the entire animal. The shell is open at 
both ends. The mantle cavity extends continuously from one aperture 
to the other. The head is situated at the anterior end of the body on the 
concave or dorsal side. Laterally and posteriorly it is provided with 
two pouches and quite at its posterior end, on either side of its dorsal 
surface, are two broad symmetrical flattened tentacular lobes. About 
the mouth arc several delicate ciliated and contractile tentacles (capa- 
tula) with expanded tips. These are sensory and prehensile, serving 
to capture the microplants and animals used as food. The foot has 
the form of an extensile elongated cylinder and protrudes from the larger 
ventral end of the shell serving as a digging organ for burrowing. 
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Internal Structure. The non-invaginable proboscis leads directly 

into a true buccal cavity 
situated in the trunk at the base 

8 « :r-c- foot. The buccal cavity 

has -.n Its interior the radula 
Hft / :r.«r.dibli- 

■(& ? a latl-.ci >hort oesophagus 


with two lateral pouches leads 
into the stomach which receives 
the ducts of the liver, situated 
behind the stomach and the rest 
of the alimentary canal. The in¬ 
testine is long and coiled and 
opens into the rectum, which 
opens in the mid-ventral line. 
An anal gland lies on the right 
side of the rectum. 


sistmg of blooa spaces 01 
There is no specialised respi¬ 
ratory apparatus, respiration 
being effected by the internal 
surface of the mantle. Excre¬ 
tion takes place by two sym¬ 
metrical kidneys situated in 
front of the gonad on the 
ventral side of the middle ot 
the body. Hath is a short hot 
fairly wide sac with pleated 
walls, king between the intes¬ 
tinal mass and the stomach 
(Fig. 499 )- 


Fig 4 C .9 Inicrr.il organisation 0 ! 
Dertolium. 1, pallial r.eivc, 2. shell; 3 *P* ce 
between mantle and shell; 4. out ol the hye 
line the first from above indicates anus (white) 
behind which lies vhceral ganglion (black) 
irdicated by the second lire; the third indi¬ 
cates mantle cavity ; the fourth mantle 5 
the fifth the lower buccal ganglion 5. maiM 
ihne lines ol which the first n auditory 
organ ; second. pedal ganphcn; third. lower 
edge of the mantle; 0. atcra 
7. terminal pedal cone. 8 
the mantle; 9. upper 
muscles; 10. gonad 
nephndial aperture ; 
buccal ganglirn ; 
muscle, lower line 
upper line, smut 
appendages, 15, fil; 
lower edge ol mantle 

to the pedal ganglia 
pedal ganglia are situated 
ganglionic swellings lying on 


I folds of loot; 
.. -. upper open end of 
end 01 the columcllar 

11, •'liver" ; 12. 

13, upper line ; 1 
inidd c line, cohm 
cerebral ganglion 

lower 


;h other. Each cerebral 
n is in close juxtaposi- 
ith the corresponding 

\Z, pleural ganglion. The cerebral 

and pleural ganglia arc united 
of the same side by a long connective. 'I hetw<: 
in the foot. The visceral ganglia arc ill-dctmu. 
cither side of the anus and connected to tr.c 
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nleural eanglia by visceral commissures. Among the organs of special 

sense are the capatula or tentacular filaments, statocysts and a subra- 

dular organ. Thesutocysts are situated in the foot and the subraduUr 
organTa ciliated ridge on the ventral side of the buccal cav.ty oppos.te 
to the mandible. 

The sexes are separate and the gonad is unpaired and median and is 
extremely long, occupying the whole of 
the posterodorsal region of the body. It 
is divided into symmetrical transverse lobes 
and its anterior extremity is contracted to 
form a duct, which diverges to the right 
and opens into the right kidney. The 
eggs arc laid separately and undergo irre¬ 
gular segmentation immediately after ferti¬ 
lisation and each leads to the formation of a 
ciliated larva (Fig. 500). After a short 
larval stage the young animal sinks to 
the bottom and transforms into the adult. Dtnl '& um 2. 

Shells of Dmtalium kept on string were velum; 3 mantle, 
the money of the Red Indians of the Pacific coast, rheir early trade 
equivalent was a, cents for ij inch shell to 5 dollars for the rare shells 
of i\" length. 

CLASS GASTROPODA 



Definition. The Gastropoda are molluscs with well-developed 
head characterised by their asymmetrical organisation, their shell be¬ 
ing formed of one piece and coiled in a spiral and the foot is long and 
ventral. 

General Account. The Gastropoda (Gr. paster , belly +podos % 
foot) are Mollusca that possess a univalve (made of one piece) shell 
which is unchambercd. The conspicuous anterior head and the long 
ventral foot present bilateral symmetry, but the visceral mass that is 
usually contained in a dorsal shell, is specially coiled and asymmetrical. 
It is presumed that the ancestral gastropods possessed bilateral sym¬ 
metry' throughout, but in living species the digestive tract , anus, heart, 
gills, kidneys and some nervous structures have been rotated or coiled 
to 180 degrees and certain parts have disappeared during the process. 
The head is distinct bearing eyes and tentacles. The foot is situated behind 
the head and has an extensive flattened ventral surface. The mantle is 
not divided into lateral portions, and the mantle cavity encloses two plume- 
like ctenidia, in some there may be only one ctenidium and in the air- 
breathing forms the ctenidia may be lacking. Respiration takes place, 
in such cases, t hrough the wall of the mantle cavity itself and through a 
pulmonary sac. Kidney is usually single. The nervous system con¬ 
tains distinct cerebral and pleural besides the pedal, visceral, abdominal 
and buccal ganglia. Sexes are separate or united, larva passes through 
trochophore and veliger stages. The majority of gastropods are marine. 
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a few being even pelagic, but some inhabit fresh water and some are land 

dwellers. This is the 

.APEX 


SUTURE 


PENULTIMATE 
WHORL 

VARIX 


COLUMELLAR 
UP 


SC 



WDY 
WHORL 


UMBILICUS 


OPERCULUM 


Fig. 501. Pita. Ventral view 
mimal to show external features. 


of the entire 


largest group ofMollusca 
including the snails, 
slugs, limpets, whelks, 
periwinkles, sea-hares, 
and the like. Most Gas¬ 
tropoda show all the 
chief molluscan features. 
The Ga stropoda arc 
divided into two subclas¬ 
ses—Strcptoncura and 
Euthyneura. The Stre- 
ptoncura has for its 
orders Diotocardia (As- 
pidobranchia) and 
Monotocardia (Pcctinib- 
ranchia); whereas the 
orders of Euthyneura 
inrhde Opisthobranchia 
and Pulmonata. All 
these arc divided into 
seven suborders. 


TYPE APPLE-SNAIL 

The apple-snail or Pi/a o/obo<a is a common example of the univalve 
molluscs found in freshwater ponds, pools, tanks, lakes, r .arshes and 
paddy fields, etc. They are the largest among the fresh water molluscs. 
The gastropods arc very successful in water, but many like the snails 
and slugs have invaded the land. These arc called the pulmonatc gas¬ 
tropods because they have a modified mantle and mantle cavity which 
acts as a lung for air-breathing. Pi/a is also a similar gastropod. 

Shell. The shell of Pi/a has the form of an elongate cone closely 
coiled in a spiral manner round a central axis. The apex of the shell 
is at the extreme top being the oldest part, the first to be secreted. It is 
followed by gradually increasing whorls, the last two ofwhich are the 
largest and enclose the greater part of the body (Fig. 501). This is the 
body whorl having a wide opening called the mouth or aperture 
through which the body protrudes out. The margin of the aperture 
or peristome is smooth and continuous and its outer wall constitutes 
the outer lip whereas the inner one is the columellar lip The remain¬ 
ing series of whorls is collectively known as the spire (Fig. jo. . The 
last whorl of the spire that is in direct communication with the body 
whorl is often called the penultimate whorl. The various whorls of the 
shell coil around a central axis, the columella (Fig. 502), which is hollow 
and opens .0 the exterior by an opening called the umb.l.cus Shells 
having an umbilicus are known as perforate or umb.l.cated 
shells. The coil is said to be dcxtral, when the shell held with 
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the apex (summit) towards the observer has the mouth or aper¬ 
ture below and to the right. It is 
sinistral, when under the same 
condition, the aperture is to the 

4 left . Dextral shells are much 
• more common than the sinistral 
* ones. The line of contact be¬ 
tween two successive whorls is 
\ known as “suture.” The aper¬ 
ture is closed by a flat, calcareous 
plate, the operculum, formed 
as a cuticular secretion. Ex¬ 
ternal surface of the oper¬ 
culum shows a number of con¬ 
centric rings of growth around 
a central circle, the nucleus. 

The gastropod body is 
attached to the shells by colum¬ 
nar muscles and withdraw them- Fig. 502 . Shell of Pila with half 

selves into their shells by its the portion grouod off. I, spire; 2. 
contraction. This muscle is columella. 

symmetrical and horseshoe-shaped in species with conical shells 

• (Patella, Septaria) but is asymmetrical in others. In forms without 
shells this muscle is absent (Vaynula). 

' *• Microscopical examination of the structure of shell reveals that 
it is made up of three layers. The outer layer is the thin chitinous 
layer, the pcriostracum, presenting an appearance of a homogeneous 
membrane. The underlying calcareous layer in the adult is the ostra- 
cum consisting of parallel fibrils formed by the solidification of the 
secretion. The bundles of fibrils or plates run in the direction of the 
long axis of the shell. The hypostracum is the next layer following the 
ostracum. Essentially its structure is like that of the] ostracum with 
the difference that its plates lie at right angles to the plates of the ostra- 

• cum, in other words, they run parallel to the aperture. 

Integument. The whole body is covered by a single layer of 
epithelium, which, in parts not protected by the shell, may be more 

• or less ciliated. In shell-less gastropods (i Opistbobranchia ) the whole 
surface of the body is ciliated. This layer is very rich in glands which 
are almost exclusively unicellular, some lying in the epithelium while 
others sunk in the subjacent tissue, their ducts, however, passing through 
the epithelium. The free edge of the mantle is particularly rich in 

f mucous, pigment and calcareous glands as it plays the chief role in 
r ^ the secretion of thf shell. The layer im nediately beneath the body 
epithelium is called the corium and consists of connective tissue and 
muscle fibres. This layer is not clearly marked off from the tissues 
lying below. The remarkable colouring of the integument is caused by 
pigment cells which are more often found in the corium than in the 
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epithelium. In several Nudibranchia stinging cells have been discovered 
in the integument. 

Mantle. This normally 
covers the whole of the vis¬ 
ceral mass and projects all 
round it leaving only the head 
and foot projecting on the 
ventral side. On the anterior 
or on the dorso-lateral aspect 
n (or exceptionally on the 

posterior aspect) there is a 
large space called the mantle 
cavity or the pallial cavity. 
This is an extensive cavity 
bounded dorsally by the 
mantle and laterally and ven- 
7 trally by the dorsal surface 
of the animal posterior to the 
* head. This space lodges a 

* number of organs, the organs 

Fig. 503. Section of the integument of of pallial complex, which 
a mollusc (afier Plate). 1 , epithelium ; 2,3,9, will be described below. In 

various torms of unicellular glands; 4. globular t ^ c gastropods the pallial 

pigment cells; 5, 7, unpigmented cells of cav j tv ^as a situation opposite 
the connective tissue; 6, muscles fibers;©, J rummies in 

branched and anastomosing cells of the connec- to that which it c p 
live tissue containing pigment. other molluscs due to tne 

torsion which the gastropod body undergoes to "' ard */ hc ™ 
development. The result of this torsion is that the anus opens 
SoSy and lies above «he head The advances 
ment are cleat enough in an animal that lives in a shell «ith only 
The exact process bv which the torsion is brougn 
Xu What is known has been derived 

from.he study of the development of the gastropod larvae. 

Torsion. This process has been referred to as a morphological 
r>—Of : 

place in an an P ^ ma jk antcro _p 0 stcrior axis of the animal, 
As 3 re sult f 'h ;'° n gXre is a simultaneous coiling up of these 
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VISCERAL 

MASS 


MANTLE 


R16HT _J 

PSEUDEP/POD/UM 


TENTACLE 
(2nd PAIR) 


TENTACLE(1st MR) FOOT 


Fig. 50*. PHa, front view after removing the shell (after Prashad), 

shell becomes ventral or endogastric. It isthen, this lateral torsion 
that produces the adult condition of gastropods following certain changes 
in original organisation. While the head and foot remain stationary 
the visceral mass is rotated through an angle of 18c , so that the anus and 
the mantle cavity that surrounds it are carried upwards and finally come 
to lie dorsal to the head, la addition the organs on one side of the 
body fail to develop and as a result of this unequal growth the 
visceral mass and mantle (and the shell secreted by the mantle) be¬ 
come spirally coiled. In most gastropods it is the organs of the original 
' left side that degenerate. But since the visceral mass is rotated through 
1 %o° the adult appears to lack the kidney, the gill and one of the chambers 
of the heart (atrium) on the right side. The nervous system of these 
gastropods remains bilateral and uncoiled, but becomes twisted into a 
figure-of-eight (Fig. 506) when the viscera rotates. In some gastro¬ 
pods there is a reversal of the rotation of the viscera and the nerve cords 
get untwisted. In some such cases the coil of the visceral mass and spire 
may disappear in the adult, leaving the internal torsion and asymmetry 
unaltered but producing a secondary external symmetry* e.g., in Patelli- 
dae, etc. X 

The head of Pi/a is prolonged into a partly contractile snout and bears 
two pairs of filamentous tentacles and the eyes. The first pair of ten¬ 
tacles or labial palps are smaller filament -like anteriorly directed con¬ 
tractile structures (Fig. 504); the second pair of tentacles (true tentacles) 
are relatively longer structures lying on either side of the labial palps. 
The eyes are smaU situated on short or stumpy stalks, the ommatopho- 
xes. Projecting anteriorly over the foot, on cither side, of the head 
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there are two fleshy structures known as the nuchal lobes or pseude- 
pipodia, of which the left is better developed and forms a long respira¬ 
tory siphon. These arc simple prolongations of the mantle. 


1 





Fig. 505. Four stages in the development of a gastropod showing torsion, A. 
embryo with straight alimentary canal ; B. flexuie begins from ventral ; ^ 
embryo with ventral flexure and an exogastnc shell ; D. embryo with 
and an endogastric she l (dightly moJifieJ after Roberts) 1, mantle ; 2, velum , a, 
mouth ; 4, anus; 5, foot. 

Foot. Normally and primitively the foot is formed by a powertu 
mass of ventral muscles with a more or less elongated ventral creeping 
surface. But this condition may be modified in relation to difleren icon- 
dilions of existence. The smooth ventral surface of the foot is called 
the sole or better creeping sole which is often divided by a median longi¬ 
tudinal furrow. The foot of Pil« that forms the mam part of the fully ex¬ 
panded animal is roughly triangular in outline (Tig. J67). 11 ,s " 
tensile and constantly changes its shape. It bears the operculum on its 

dorsal surface. . 

Organs of the Pallial Complex. Near the antenor edge of he 
right nscudepipodial lobe there is a prominent ridge that cMcndsto th 
posterior end of the cavity. This is known « the ep ttenia Tig., 
' 08) and is quite prominent in the living snail and separate* the g 
branchial chamber from the mantle evity. .In P"S«vcd ££££ 
it becomes reduced, due to shrinkage, and is about t* o mdhmeters m 
height. The branchial chamber lodges the gill or C " c 

ing from the margin of the tentacle right up to the pencard um a. .he 
posterior extremity. The cten.d.um hangs vertically doo« •*» from 
the dorso-lateral wall of the mantle cavity. A 8 , , am i,, r „f 

the pulmonary sac or the lung occupies the roof of the left chamber 
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rlic mantle cavity . The osphradium is situated dorso-latcially on the 
left side of the mantle cavity and keeps hanging from the roof like a 
curtain in the course of the respiratory water current. Each osphradium 
has two rows of thick fleshy leaflets 22-28 in number arranged along the 
two sides of a central axis. It is, thus, called a bipcctinatc structure. 
The leaflets arc roughly triangular in shape and each is attached to the 
mantle wall along its base and to the central axis along its inner side. 
The rectum, the male or female ducts and the anterior chamber of the 
renal organ are other structures included in the organs of the pallial 
complex. The rectum is an elongate tubular structure lying on the 
left side of the ctcnidium and extending from the posterior end to 

1 



Fig. 506. Torsion of the visceral commissure in the Streptoneura seen from 
buccal side. A, before torsion ; B, after torsion whose direction is indicated by the 
arrow (after Pelsencer). 1, mouth ; 2, anus ; 3, cerebral ganglion ; 4, infraintestin«d 
ganglion ; 5, supra imestinal ganglion ; 6, abdominal ganglion. 

its external opening (Fig. 508), the anus, situated about quarter of 
an inch behind the anterior edge. The male or female duct (as the 
case may be) lies on the left of the rectum (Fig. 508). In the male 
a special copulatory organ is met with. It arises as a separate appendage 
from the edge of the mantle and becomes associated with the end of the 
male duct during the act of copulation. At the base of the penis-sac ; 
there is a glandular thickening the hypobranchial gland (found only in 
the Pilidac). The anterior chamber of the renal organ also projects as a 
small elliptical projection, of reddish colour, into the right of the ctenidial 
part of the pallial cavity. 

Y, Digestive System. The alimentary canal comprises the fore- 

• *'gut of stomodaeal nature, the mid-gut,and the hind-gut of proctodacal; 
nature. The fore-gut includes the mouth, buccal cavity and 
oesophagus. The mouth (Fig. 508) is a vertical slit at the end of the 
snout. True lips are lacking, the plicate edges, however, serve as se¬ 
condary lips. The mouth leads into the buccal mass (or pharynx) which 
is a thick-walled structure containing the radula internally for cutting 
the food. Its walls are strengthened by several pieces of cartilage. 
Externally the buccal mass is provided with special musculature, respon- 



siblc for its movements. The buccal mass is a complex structure. An¬ 
teriorly it possesses a narrow space, the buccal cavity, divided by the 

/ Left siphon 


Tentacle II 


Head 


Operculum 


"*• Sole of foot 

Ventral view of the foot of Pila (after Prashad). 

’ • portion. The anterior portion 

The jaws arc local thickening of the cuti- 

. towards 

are connected together by a thin cuti- 

more or less, 

_j surface. A 

A more or less fleshy 
formed by the elc- 
of which it occupies. 

: areas, 
About 

; of the salivary glands. 

ribbon-like strip of horny basement 
transversely arranged rows or 
linally over the summit of the 
r Pila contains seven teeth. 


Fig. 507 

jaws into one anterior and a posterior portion 
is often called the vestibule. *, 

cle lining the cavity. They lie dorso-latcrally, rather placcdjnore 
the anterior side. Both the jaws 

cular membrane. Seen from above each jaw appears, 
elliptical whose anterior edge is serrated forming a cutting 
fairly prominent ridge marks its dorsal surface. .* 
outgrowth, the tongue mass or odontophorc, is 
vation of the floor of the cavity, the greater part . 

Located on the roof of the buccai cavity arc two elongated glandular 
the dorsal buccal glands, that secrete accessory digestive^fluids. - 
the middle of these areas arc situated the openings c_ " 

The radula or lingual ribbon is u__ 
membrane on which arc situated many 
minute recurved teeth. It runs longitv 
odontophoral mass. Each transverse ro’ 

In the centre is a median rachidian toe 
two marginals, on either side. It is seer 
the buccal cavity in which it is almost w 
extremity stretches out on the floor of tl 
a median projection. The radular ribbr 
paired cartilaginous pieces furnished 
muscles (Fig. 511). The action of whi 
to and fro and work like a rasp on the p 
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Fig. 508. Pila. Structure of the mantle cavity (after Prashad) 

teeth arc secreted at the bottom of the diverticulum by a small number 
of matrix cells. As new teeth arc being added, the old ones are pushed 
forwards so that fresh rows of teeth come forward as the old ones wear 
off. The teeth arc all simple devoid of secondary folds, ridges or basal 
processes. The central or rachidian tooth is roughly rectangular in 
shape with a broad posterior edge and slightly concave anterior edge, 
while the two sides slope backward. The anterior cutting edge is pro¬ 
vided with a median and two or three lateral cusps on each side. The 
lateral teeth, as shown in the figure (Fig. 510) are elongated, greatly 
broadened at their toothed edges. Both the marginal teeth are similar 
in appearance, the outer being narrower than the inner. The number 
of teeth in any given transverse row is constant for species. It may 
however, increase slightly with age (Aplysiidae, Pulmonatcs). On the 
whole the number of teeth varies from group to group. 

The number of successive rows also varies from species to species 
and consequently total number of teeth in the radula is also different in 
different forms. The number varies from 10, one tooth in each row, in 
certain Eolidae, to 250 in Bucdnum undatum , 1920 in Patella vulgata , 8343 
in Limnaea stagnates , 15000 in Helix aspersa and so on up to 750,000 in 
Umbrella. r 

The radula travels over the ends of the cartilages just like a band over 
its pulley the cartilages being entirely passive in the matter. The radula 
is protruded from the mouth by the protractor muscles, and by the alter¬ 
nate action of the upper and lower sets of muscles into the tongue plate, 
4 » 
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a chain-saw-like movement is communicated thereto, inconsequence of 
which the teeth act as a rasp or saw upon the body with which they are 



Hg. 509. Pita. A. the 

buccal trass; 4. oesophageal pouch. 5. oesophagus, 6. salary gianus, 
caecum; 9, intestine; 10. rectum; 11, anus. 

brought in contact.' This movements K'ls’verJScTin”^ 
ment and is common in many gastropods, b ' , ands 0 f which 

The buccal cavity of gastropods is P ro '^ ei '^' he ost c r f or limits of the 
there arc two in Pik lying one on «h side: of theses ^ ^ Thc 
buccal mass and partially cover the oe . S °f, h g pearancc Q f a branched 

surface of the glands is rough gn ,n K run P anteriorly and open in 
type of a gland. The ducts of the gUnd^run «« ^ 

its dorsal roof. These £g*'™* *“ f £rlain ‘} orm P (Mmm their 
without any digestive action^ ^ of su , phuric aci(i> which sets 

:rSve C °.he calcareous spicules of the animals eaten. 

The buccal cavity is followed by .J^Suddte 

2 ‘ iSa — i -» *■*■«* 1 

- Rjy- Soc. London. CXLI.I page 3 .. 1853 . 
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it opens into the stomach. At the junction of the oesophagus and the 
buccal cavity open two rounded pouches, the oesophageal pouches. 
They are two in number intimately associated with the salivary glands 
only externally. Each opens by a short duct at the junction of the buccal 
cavity and the oesophagus (as in the Aspidobranchs). i hc\ appear to 
be mere backwardlv directed processes of the oesophagus, with unknown 
functions. The terminal part of the oesophagus sometimes becomes 
differentiated to form a gizzard with thick muscular walls and furnished 
internally with masticatory teeth. In Vila no such structure is found. 
The terminal part of the oesophagus opens into the stomach, a more or 
less rectangular mass of dark red colour lying buried in the liver mass 
and with its lower margin nearly straight. An internal examination 
reveals that the stomach encloses a broad L'-shaped cavity of a rose red 
colour. The oesophagus opens into its posterior limb known as the 
cardiac chamber, the walls of which arc folded, the folds being very 
low. The anterior limb of the U-shaped cavity of the stomach forms 
the pyloric chamber of the stomach. From this arises the intestine. 
Its walls arc thrown into transverse folds. A small bluntly rounded 

f ouch, the caecum, arises from the outer wall of the pyloric chamber, 
t is elongated tube, but as its major length is embedded in the wall of 
the stomach it appears as a small protuberance only for this reason its 
opening into 'he stomach is situated down below (Fig. 509). The 
caecum in other gastrop«>ds lodges a cuticular projection known as the 
crystalline style, but in Vila it is not found. 



Fig. 510. Pila. One row of radular teeth. 

The intestine is narrow tube that originates from the pyloric chamber. 
It courses its way through the liver and on reaching beneath the pos¬ 
terior renal chamber it turns upwards and backwards, coils between the 
gonads (uterus in female and seminal vesicle in male) and the liver two 
or three times and then turns to enter the mantle cavity as rectum. The 
intestine is separated from the stomach by a sort of valve. In nearly 
all cases the intestine exhibits a well-marked longitudinal projection, 
the typhlosole, along certain parts of its course. The intestine is very 
long and coiled in herbivrous gastropods such as Patella , but it is very 
short, often straight, in carnivorous forms. The liver or digestive 
gland of Vila is a soft gland of brownish or dirty green colour. It is a 
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more or less triangular plate, spirally coiled after the whorls of the shell. 

It is made up of two lobes, the separate ducts from which unite to form a 
common duct before opening into the stomach. The two lobes of 
the liver arc equal and symmetrical in very few forms (Neritina and 
Valvata). More frequently the original left lobe is more deeply involved 
in the spire, and is larger from larval life onwards than the right lobe in 
dextral gastropods, the reverse is the case in sinistral forms. In some ^ 
the right lobe may disappear and the left lobe may only persist. The 
liver discharges its digestive secretion into the stomach. In addiyon 
to their digestive properties the secretion exercises excretory function- • j 
(in Euthyneura) and they also arrest the actions of poisonous substances* - 
Lastly, the digestive glands take a share in intestinal absorption. The; 
terminal part of the alimentary canal is a thick-walled tube which opens 
to the exterior through the anus which is situated a quarter of an inch fp 
from the edge of the right pseudepidpodial lobe. I n some ( Murex , Purpura) % 
the rectal portion of the intestine is divided with a somewhat rammed, 
gland, the anal gland, of unknown function. 
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Fig . 511- Pile. A, Transverse seetion of .he buccal mar. ,bowing cartilage 
and connected muscles (after Prasbad). 

Respiratory System. Primitively the respiranon i" gastropods is 

; ri r f P r. ,s U- ss. 

idia^fFig 508). Each ctenklium is the homologuc of a singe 
hranchia of Chiton. Respiration in Vila takes place through two 
types of organs. In water it respires by ctcmdmm, whereas on 



PHYLUM MOLLUSC A 64* 

it respires bv means of a pulmonary sac and the right and left 
nuchal lobes. 

The ctedinium is situated in 
the mantle cavity and consists of 
numerous thin leaflets or 
lamellae attached to the mantle 
wall by their broad bases, but 
•have their apices free in the 
branchial chamber. The line of 
.-'attachment is known as the 
ctenidial axis. A ctenidium 
with such an axis with a single 
row of leaflets is described as 
.monopcctinate. In the other 
types {Patella) the axis is free 
and bears two rows of leaflets. Fig. 512 . Pita. , A branchial lamella- 
Such a ctenidium is called bipcc- showing the ; crenidiaUxi*. 1 , efferent side;- 
' tinatc. In the opisthobranchs ^afferent side ; 3 , transverse pleats, 
ctenidium is a simple, flat and projecting tegumentary lamina trans¬ 
versely folded from its base to its extremity in such a manner that the 
the ridges of one face correspond to the furrows of the other face. 
Such a branchia is called plicate. The lamellae or leaflets arc 
larger in the middle of the ctenidium and become smaller to¬ 
wards its ends. Each leaflet has a longer left side known as 
the efferent side, being on the side of efferent ctenidial sinus 
and the right or afferent side being on the side of afferent 
ctenidial sinus, which is relatively smaller. The anterior and pos¬ 
terior faces of leaflets arc provided with low transverse ridges 
or pleats that are richly supplied with blood vessels. Each leaflet 
arises as a double-layer of epithelium internally supported by con¬ 
nective tissue and muscle fibres. The epithelial layer consists of 
three kinds of cells : (#) non-ciliated columnar cells ; (it) 

ciliated columnar cells and (iii) a few glandular cells. ’ Un¬ 
derlying the epithelium there is a thin basement membrane 
below which lies connective tissue layer consisting of cells with 
a few scattered nuclei and large number of obliquely run¬ 
ning muscle fibres (Fig. 513)- The ctenidium of Pi/ a is situated 
on the right side but morphologically it is the gill of left side which has 
been pushed to the right side by the extensive development of the pul¬ 
monary sac. Both the nuchal lobes are equally expanded forming 
shallow channels. The respiratory current enters through the left lobe 
Passing underneath the osphradium the current reaches the posterior 
part of the pulmonary chamber. Thence it enters the right of the bran 
chial chamber and flows through the leaflets where gases are exchanged 
The current finally makes an exit from the right nuchal lobe. The os¬ 
phradium helps the animal in selecting the suitable quality of water 
for breathing. 

In certain gastropods various parts of the mantle serve as accessory 
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• Fig. 513- Transverse section of two branchial lamellae with mantle. 

shell-forming organ, the dorsal envelope of the body acts «° r * 
organ. In others a ctcnidium coexists with secondary resow* 

Jins or pallial branchiae. If the ctcnidium is atrophied anddisappea ^ 
altogether the respiratory function is taken over by the man . 

suit of adaptation to a terrestrial life pulmonary r«p.rat,on has de 

veloped in some gastropods. The 

the roof of the mantle cavity and is entirely closed ex P f fto ^ 

opening are of unequal size . [^e'e't '.cing larg th ul _ 

is posterior in position with the re^u1 * Thc outcr w »ll of the 

monary sac is entirely out o (^the man,! th e,ial layer containing large 
pulmonary sacconsist ( This is followed by a 

basement memb.ane be.ow P which lies a thick layer of connective tissue 
and finally the endothelium of the inner surface. 

Some people have suggested that «he pulmonary s^ismoc ified 

second ctcnidium but this has been p <> s j n no wa jr 

of evidences. It may be remarked that the pulmonary sac 
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connected with the lung of the pulmonale mollusca The two structures 
have originated independently in response to similar physiological de¬ 
mands of two different groups of animals. 

For aerial respiration the animal moves upwards and the left nuchal 
lobe becomes longer and forms a tubular structure as its edges roll 
up This tube, the respiratory siphon, projects above the water level 
and air enters through it and fills the branchial chamber whence it enters 
pulmonary sac which becomes fully enlarged. At this time the opening 
of the pulmonary sac looks almost rounded and lies quite close the pos¬ 
terior opening of the siphon. The inspiration of air is the result of suc¬ 
tion caused by the expansion of the pulmonary sac. Alternating with 



Fig. 514 . PHa. Heart and principal vetsels (from the left side after Prashad). 
the expansion the pulmonary sac contracts driving out air 
(expiration). Besides forming long tube the siphon sometimes, 
when water surface is clear, becomes broader at the tip, 
just like a funnel, and the animal lies near the surface. The rest of the 
process is the same. Thus in Pi/a there are two types of aerial respira¬ 
tion depending upon the surroundings in which it lives. When in water 
ordinarily Pi/a resorts alternately to an aquatic and aerial respiration 
rather regularly. When moving on land Pi/a breathes directly with the 
pulmonary sac but no siphon is formed. Only the left nuchal lobe is 
expanded. Sometimes the snail remains buried in dry mud or at the 
bottom of tank with tightly closed operculum. Under these circums¬ 
tances it respires through air stored in the pulmonary sac. 









A TEXT BOOK OF INVERTEBRATE ZCOLCCY 


648 


Circulatory System. The blood of molluscs is a colourless liquid 
containing amoebocytes. In Planer bis it is red (except P. albus) in which 
haemoglobin is diffused in the plasma. In some gastropods the blood 
is of bluish tint because of the presence of haemocyanin, a copper 
containing albuminoid. In some molluscs the blood is coloured by 
pigments of extraneous origin absorbed by the amoebocytes ( t.g. violet 
red colour in Fasciolaria). 


The heart is always dorsal and in the immediate neighbourhood 
of the respiratory apparatus. It lies enclosed in the pericardial chamber 
situated on the left side of the body-whorl wedged in between the pul¬ 
monary sac and the renal organ on the anterior side and the stomach 
and the digestive gland on the posterior side. It is a fairly deep oval 
cavity bounded by thin-walled pericardium. It communicates with 
the posterior renal chamber by a renopericardial aperture. This cavity 
represents the true coelom in the molluscs. The pericardial cavity is 
the true coelom as the renal organs open into it and the reproductive 
cells arc produced by its wall in the embryo. 

The heart of Pita is two chambered and lies enclosed within the 
pericardial cavity. The auricle is single like all other Monotocardia 
(except Cybraea). It is a thin-walled more or less triangular sac occupy¬ 
ing the dorsal part of the pericardial cavity. The apex of the auricle 
points dorsally into which open veins from the ctenidium, the posterior 
chamber of the kidney and the pulmonary sac. The thin and tr * ns P arcn 
wall of the auricle arc extensile though they have fewer muscular fibres 
The ventricle is a thick-walled ovoidal sac slightly elongated situated 
vertically below the auricle. Its walls are spongy being made up ot 
muscular strands. Between the two is a valvular opening the aunculo- 
ventricular opening. The valves are semilunar ‘"shape from the lower 
end of the ventricle arises a very short muscular tube, the ao ' a " 
bifurcates immediately into two main branches. The root of^ »° 
trunk is provided with two semilunar valves of unequa 
branches ^hc cephalic aorta is the anterior blood v«sel wh,ch_bul^s 
out into bulbous outgrowth, soon after ks origin forming k 
bulb. The aortic ampulla is a contractile s.rue ure wh.*h ^ 

culation. The presence of aortic ampul a isi one: of th " 

tics of the group (PiHdae) to -hich P^ bc ongs The 

‘J?fiS asTh^Al aorta which proceeds backwards 

artery is a stouter blood vessel supplx mg organ branches 

mantle cavity including the osphrad.um etc. hcS ardial ar«er y arises 
arise from the aorta on the outer side. ( d ) 1 he pericardia. 7 
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from the .rot* from the inner side and supplies the pericardium, (r) The 
renal artery arises from the aorta when .t enters the postenor renal 

chamber. 

Thereafter the main limb, the aorta, runs along the left side of the 
oesophagus and then crosses .0 the right where it appears quite pro¬ 
minent. It gives off many other branches the prominent among them 
is one that branches into three arteries : (1) The right pallial artery 
supplying the right side of the mantle. (2) the right s.phonal artery 
supplying the right siphon. (}) The pcmal arteries supplying the 

penis. 

The main trunk of the 
aorta continues further ante¬ 
riorly as the buccal and gives 
rise to many other branches 
the important of which are: 
(/) The optic arteries to the 
eyes and eye-stalks, (//') the 
tentacular arteries to the 
two tentacles, (/#/) the radu- 
lar sac arteries to the radular 
sac and (/V) the pedal arteries 
to the foot which enter the 
foot and branch to form an 
irregular network there (Fig. 
5 M)* 



Via, 515. Blood vessels of the buccal 
mass (cUagrammatic, after Pra.hadV I. peda 
arteries; 2 op,ic artery ; 3. .enueul.r artery 
4 rioht shiphonal artery ; 5, right P»“*» 
aricry ; 6. radular sheath ariery ; 7 * cephalic 
R huccal mass artery ; 9. buccal mass ; 

1 , salivary gland ; la, 
13, oesophagus. 


aorta : 8, buccal 
10, radu'ar sac ; I 

oefophageal pouch ; 


The visceral aorta is the 
other branch of the main 
aortic trunk that proceeds 
backwards into the visceral 
mass. During its course it gives 
rise to many branches supplv- 
inc the various organs of the visceral mass. The prominent arteries 
among them are : (i) the gastric artery supplying the stomach, (h) 
the intestinal arteries supplying the intestine and the posterior renal 
chambers ; (///) the hepatic artery supplying the gastric gland and 
gona'd. . . 

Veins. The blood distributed by the arteries is collected by certain 
capillary spaces called lacunae. The lacunar spaces are weli-marked 
but they merge into larger spaces called sinuses which arc devoid of 
definite walls. Thcre-are four such sinuses ; (#) The anterior perivis¬ 
ceral sinus lies in the floor of the mantle cavity surrounding the anterior 
part of the gut. Three channels conduct blood from this sinus to the 
renal chamber and the pulmonary sac. (//) The peri-intestinal sinus 
runs along the coils of thcrihtestine up to the junction of the anterior and 
posterior renal chambers. Blood from the viscera, the digestive gland 
and the greater part of the genital system is collected by this sinus which 
becomes tubular anteriorly forming two branches, the right is ventral 
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and is known as the afferent renal sinus, and the left one forms the 
afferent renal vein and turns upwards to the roof of the posterior 
renal chamber. (//'/') The branchio-renal sinus lies dorsal to the 
intestine along the right side of the anterior renal chamber. From 
the roof of both the renal chambers it receives many branches. 
Anteriorly it continues as the afferent ctcnidial vein above the rectum. 
From this arise numerous blood vessels that take blood to the lamellae 
of the ctenidium. Into this sinus opens the efferent renal vein. The 
blood from the ctenidial leaflets is collected by efferent ctcnidial vein 
which runs to the pericardial cavity and opens into the auricle. (/>). 
The pulmonary sinus lies in the walls of the pulmonary sac. It 
receives a large amount of blood from the anterior perivisceral sinus 
and returns the same through the pulmonary vein to the auricle after 
aeration. 


Circulation. The cephalic and visceral aortae conduct blood to various 
organs of the body from where it is returned by many blood sinuses 
mainly the perivisceral and peri-intestinal sinuses. From these blood 
sinuses the blood has three courses open--it may go to the ctenidium, 
pulmonary sac or to the renal chamber. During aquatic respiration the 
major portion of the blood from the perivisceral sinus passes into the 
ctenidium for aeration ; and during aerial respiration blood flows into 
the pulmonary sac. The bio »d returns to the auricle through the efferent 
ctcnidial vein. The blood from the peri-intestinal sinus flows into the 
rend chambers where it gets rid of nitrogenous wastes and passes to the 
auricle without aeration. The auricle, thus, receives both aerated and 
non-acrated blood. It is this mixed blood that enters the ventricle for 
general circulation. 

Excretory System. The kidneys are the essential organs of excre¬ 
tion in gastropods on the whole but in Vila the exact homologies of the 
renal organs arc not established, the two renal organs arc called « the 
anterior renal chamber and (A) the posterior renal chamber (Fig. 
< 14), The anterior chamber is ovoid sac opening into the mantle cavity 
in 3 deep crevice by an elongated opening that l.es to the right of the 
epitaenia There are numerous grooves on the dorsal surface of the1 cham 
her Corresponding to these grooves a number of lamellae hang w uhm 
the cavity oHhe chamber greatly reducing its lumen. The triangular 
lamellae arc arranged on cither side of a thick median axis of white 
colour running throughout the length of the roof. This is the efferent 
renal sinus. The floor of the chamber possesses a sum ar median ventral 
axis the afferent renal sinus, furnished with lamellae on both sides. 
The afferent renal sinus is the right branch of the per,-intestinal sinus 
which breaks up into several branches to supply the numerous Jamel aft 
on both the sides. Posteriorly the anterior chamber communicates with 
he posterior renal chamber through an opening lying slightly above 
the point of entrance of the afferent sinus into the ventral axis. 

The posterior chamber lies to the right of the pericardium and the 
digestive gland. It appears as a hook-shaped area of grey colour (may he 
brown sometimes). P Thc cavity of the chamber is spacious and encloses 
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a few coils of the intestine and a portion of the genital duct. Between the 
pericardium and this chamber there is only a thin partition, ,he j 

cardial septum perforated by a sht-like opening, the reno-pericard.al 
aperture surrounded by thick white lips, by whichthe cavityofthe per^ 
cardium communicates with the posterior renal <thamber The roof of 
the chamber has a profuse blood supply. The floor of 
comprises a thin epithelium which separates its cavity from the organs 
that project into it. The two renal chambers are definitely excretory 
structures and separate nitrogenous wastes. The excretory material 
collected in the posterior chamber passes into the anterior, whence 
it is discharged into the mantle cavity. From the above it is evident that 
the kidney communicates with the coelom (pericardial cavity) at one end 
and with the exterior at the other. It, therefore, represents a true coelo- 
moduct as in most other Mollusc*. 

In most other Mollusc* the kidneys arc originally paired (a single 
nair being common) and the two kidneys open one on each side of the 
£nus In gastropods their primitive symmetry is lost and the topogra¬ 
phically left kidney is rudimentary and that of the right side alone is func¬ 
tional in almost every case. In some the right kidney no longer exists 
in the adult. Their primitive situation is wholly within the visceral mass 
and their migration outside the visceral mass is a specialisation. The kid- 
nev is always a dorsal organ, situated in the neighbourhood of the peri¬ 
cardium with which it communicates by a ciliated aperture, which may 
he lost (Aspidobranchs) or may be multiple ( E/ysta). As a rule the ex¬ 
ternal opening of the kidney is situated near the anus, and sometimes the 
two open together in a common cloaca (Umax, Vaynu/a but not in 
V wi/hyi)' The external renal opening is borne on a papilla in some 
/ Aspidobranchs) but is a simple slit, shaped like a button hole in the 
majority (Pcctinibranchia and Tcctibanchia). In Pi/a the exact homo- 
logics of the renal organs arc not established. 

Nervous System. The Gastropoda possess a well-developed nervous 
system in which the same cerebral, pedal, pleural, visceral and stomato- 
eastric nerve-centres, and the connectives and commissures are to be 
found as in other molluscs. Bur the special character of the gastropod 
nervous system is the asymmetry of the visceral centres and of the nerves 
arising from them, an asymmetry resulting from that of the visceral or¬ 
gans themselves. Pi/a also possesses the nervous system of the same type 
comprising the cerebral, buccal, pedal, pleural and the supra- and 
infra intestinal ganglia with their commissures (connections between 
similar ganglia of the opposite sides) and connectives (connections bet¬ 
ween dissimilar ganglia). 

The cerebral ganglia of Pi/a (Fig. 516) are situated on either side of 
the buccal mass and connected with each other by cerebral commissure. 
Each ganglion is a flattened triangular structure from which arise various 
delicate nerves and. connectives. The cerebral commissure is thick 
and band-shaped running dorsally over the buccal mass. The buccal 
ganglia are small elongated 2an21ia embedded in the tissues of the buccal 
mass. Each ganglion is connected with the cerebral ganglia of its 
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behind the pleuro-pedal mass of the left side. It is a slightly swollen gan¬ 
glion connected to both the 
pleuro-pedal masses by the 
pleuro- pcdal-supra- intestinal 
connective to the left and supra- 
intcstinal nerve to the right. 

The supra-intestinal is also con¬ 
nected to the visceral ganglion 
by a stouter supraintestinal- 
visceral connective. The vis¬ 
ceral ganglion is formed by the 
fusion of two. spindle-shaped 
masses and lies near the base 
of the visceral mass close to 
the anterior lobe of the diges¬ 
tive gland and to the right of 
the pericardium. 

Several nerves arise from 
the different ganglia and in¬ 
nervate the various parts and 
tissues. The cerebral ganglia 
give off some anterior nerves 
supplying the skin of the 
snout, tentacles, ventrolateral 
margins of the buccal mass. 

Some nerves arise on the pos- Fig, 517 . Nervou, syncm of Pa,.U, 

tenor side ot the ganglia, (after Pelscneer and Bouvery from Lang) 
These include the tentacular, 1 . cerebral ganglion; 2 , cerebral co mmi* 
the optic and a nerve to the jure ; 3 , labial ganglion ; 4 , buccal gang 

statocyst. The buccal ganglia 'wa t.conncc.iv e ; 5 . 

, , e i i ° , ccreuropedai connective; 7, nervou s acus 

supply the muscles of the buccal licus; 8. auditory vesicle ; 9. p leural 
mass, oesophagus, salivary gland ganglion ; 10. pedal commissure ; 11, 

and the oesophageal pouches, r, 8 ht | * 2 . left osphradium ; 13 , visceral 

etc. The nerves from the ‘ 

plcuropcdal mass innervate the testinal ganglion, 
foot and the adjoining struc¬ 
tures. A stout nerve from the supraintestinal supplies the mantle, 
the ctenidium and another innervates the pulmonary sac .Nerves from 
the visceral ganglion supply the renal organ, the genital system, the 
pericardium, stomach, intestine and digestive gland, etc. 



Sense Organs. In addition to the sensory cells scattered over the 
whole surface of the body gastropods possess special organs of 
sense called the rhinophore, osphradium, statocyst and eye. & 

The rhinophore or olfactory organs are constituted by the 
cephalic tentacles, especially by the posterior pair in the quadri- 
tentaculate types. The surface of the tentacles is covered by small 
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ciliated papillae giving them a silky appearance and is innervated 
by fibres of the olfactory nerves. 

The osphradium is unpaired 
in Pita situated dorsovcntrally on 
the roof of the mantle cavity. In 
the types possessing two ctenidia 
the osphradia are paired. It is a 
bipectintc (Fig. 5 ' 8 ) structure 
hanging like a curtain in the course 
of the respiratory water current. 

Fig. 518 . Od.pradium of Pda. An osphradium consists of a specia¬ 
lized and usually elevated and cilia¬ 
ted region of the epithelium in which there is an accumulation of the 
sensory cells. The leaves of the osphradium are arranged on both sides 
of a central axis. Each leaf is just like a double fold ot the wall ot he 
central axis. Formerly it was regarded as a rudimentary gill, but it has 
now been established that the osphradium serves to test the ch . cm £ a 
and physical properties of water which passes beneath it lor respiration 
and also helps in the selection of food material (Spcngcl). 




Conr.eciivc 
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fig. 519 . Vertical section of the e>eof Pita. 

Eyes. The two eyes are borne On short stalks or omrnatophorcs 
situated behind the second pair of tentacles. 1 hey lie slightly k' ow thi 
tips on their outer side an <5 not on the extremity itself. The outer ep 
t helium of the eye-stalk continues over the eye forming ,h ' c0,n « '» r 
pcllucida externa. It consists of a row of low squar.sh cells lex o d.of 
pigments. Lying below the cornea is a th.ck layer of conneeme tnsuc 
made up of fibre and nuclei. This layer encloses theptrifomopuc 
vesicles consisting of the following parts: the pclluc.da interna I n 
next to the connective tissue layer and forming the inner cornea (rrg. 5 9 ^ 
The ovoidal structureless lens occupies the central space ot th • 

The sensitive part of the eye is the retina forming the outer co. 
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of the vesicle made up of large cells filled with pigment granules. The 
•inner cornea is merely the anterior continuation of the retina but 
there its cells become smaller and cubical. At the posterior end of the 
optic vesicle enters the optic nerve. A closer examination reveals 
that the retina consists of two kinds of cells : (/') large broad visual 
cells having a brush of hair-like processes on their outer ends, and 
(//) smaller packing cells wedged between them. No definite obser¬ 
vations are available about the functions of the two kinds of cells 
(Fig. 519). The sense of sight of Pi/a is limited in range and it seems 
that the apple-snail does not rely on this sense very much. 

The statocysts are two pyriform sacs of creamy white colour lying 
posterior to the pedal ganglion of each 
side. The internal walls arc lined by 
ciliated epithelium containing sense 
cells. The outer covering of the sac is 
leather-like and within the cavity lie a 
number of minute particles the stato¬ 
conia floating in the fluid contained 
therein. The statocyst is an organ 
that enables the animal to maintain 
equilibrium. The particles (statoco¬ 
nia) help in detecting its position in 
space. Formerly it was supposed to 
be an organ of hearing hence it was 
called otocyst. But this nomencla¬ 
ture is now regarded misleading. In 
some cases the statocyst possesses only 
one particle, the statolith, in the cavity. In some cases the statoconia 
coexist with a statolith, {Oucidium t Turilella), Statocysts are absent in 
the adult I Vr meins. In creeping gastropods the statoliths are situated 
in the foot, near the pedal ganglia where as in swimming gastropods 
( G/vitus , etc.) they show a tendency to approach the cerebral centres. 

Reproductive Organs. Pi/a is an ^ample of dioecious Gastropoda 
in which sexual dimorphism is distinct, the shells of the males being 
generally much smaller than those of the females. There is a well- 
developed copulatory organ in the male which in the female is rudimen¬ 
tary. In other gastropods sexual differences have been found to occur 
in the aperture of the shell ( Ctritbium\ in the radular teeth (certain 
Buccinidae) and in such other structures. The gonad is always un¬ 
paired even in the most primitive molluscs (Aspidobranchia). It is 
generally placed on the dorsal side and at the summit of the visceral 
mass. 

In the male Pi/a the testis lies in the upper part of the first two or 
three whorls of the visceral mass closely associated with the digestive 
gland. It is cream-coloured in fresh-specimens and can be easily dis¬ 
tinguished from adjoining tissues. The testis produces two types of 
sperms :(i) large non-motile sperms (Fig. 521) having four to five 



Fig. 520. Sutoc> s( of Pita, 
1, connective lissue ; 2, staio- 
conim ; 3, nerve ; 4, capsule 
of ihc suiocyst. 
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Fig. 521, Pila, Reproduciive organs. A, male ; B, female. 

cilia for the tail but devoid of a head and a middle-piece. Such sperms 
are called “oligopyrcnc” sperms which have some secondary function 
as they arc not capable of fertilization. (2) the second type of sperms 
arc smaller hair-shaped having a head, a middle-piece and a tail and are 
callcd^cupyrenc” sperms capable of fertilizing eggs. From the testis 
arise several delicate ducts, vasa efferentia, that unite towards the pos¬ 
terior edge of the testis to form a common duct, the vas deferens, which 
emerges from the posterior end of 'he testis and runs along the inner 
edge of the posterior renal chamber. Morphologically the vas deferens 
shows three regions the proximal thin tubular portion leading from the 
testis, the vcsicula scminalis and the thick terminal glandular portion 
(Fig. 521 A). The seminal vesicle is a swollen flask-shaped structure 
lying to the right of the pericardium immediately below the line of junc¬ 
tion of the two renal chambers. The narrow duct-like portion of the 
seminal vesicle opens on the left into the glandular part of the vas de¬ 
ferens. The terminal part of the vas deferens that enters the mantle 
cavitv is the glandular part, and it runs along the rectum to open at the tip 
of a claw shaped protuberance, the genital papilla (or miniature second 
penis). This establishes connection with the true penis during copulation. 
The penis is a long extensile flagellar structure arising as an outgrow h 
of the- mantle on the right side. It is about half an inch in length 
(normally increasing to an inch and a half during copulation) slight!) 
curved, bearing a groove and lying within a sheath called the penis 
sheath, itself a sac-like outgrowth of the mantle wall at the base of 
penis, lying a little to the left of the extreme limit of the mantle ca t) 
The hypobranchial gland is not deep seated, its cells are tall h g 
small basal nuclei and arc filled with granular secretion or are empty, i nc 
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FIs. 522 . Copulation in Pita, Left, female ; right male. I, eye ; 2 . 3 , second and 
first r*' r ° r tentacles ; 4 . shell ; 5 . hypobranchial gland ; 6, gill ; 7 , rectum ; 8, 
vas deferens; 9 . genital papilla . 10. opening of rectum ; 11, penis with its groove ; 
1 * 2 , penis sheath ; 1 3 , female pore ; 14, vagina, 

secretions of the gland cells arc directly poured out on the surface as the 
glands arc not provided with ducts. 

In the female the ovary occupies the same position as the testis in the 
male. It is relatively smaller, much-branched structure, orange red in 
colour in younger specimens, and situated along the inner surface of the 
first 2 or whorls. A thin but stout coat covers it. As it is situated 
towards the inner surface the whorls have to be pulled apart to brine it 
to view. The branches of the ovary consist of single-layered more or 
less, flask-shaped acini with their closed rounded ends directed outwards 
The oviduct arises from the middle of the ovary and lies just beneath 
J the Skin. It .s a tube that appears, more or less, transparent in fresh 
\ specimens. It runs along the margm of the gastric gland and turns down- 
I ward about the level of the renal organ and finally enters the seminal 
receptacle, a bean-shaped structure lymg within the posterior renal 
chamber in close assocration of the uterus, which is a bluntly rounded 
sac of yellow colour (in fresh condition) lying to the right of the renal 
chambers. The sac narrows towards one side forming the vagina (Fig 
5 z, B) which is of lighter creamy colour in fresh condition and as such 
visible under the skin. It enters the mantle cavitv at its - 

corner and runs along the rectum to open by IZ rmw sift h£ fS 
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genital aperture, situated on a papilla a little behind the anus. Some 
gastropods (Pulmonata) arc hermaphrodite. The reproductive organs 
in these attain considerable complexity. There are hermaphrodite 
glands which pioduce both ova and sperms. This is followed by a 
convoluted hermaphrodite duct. Besides there is an albumen gland, 
in which the albumen of the relatively large eggs is formed and sometimes 
a separate oviduct and sperm duct leading to a common genital 
opening. Sometimes there is a single duct undivided throughout. With 
the oviduct a rcccptacuh m semiris may be associated, besides a 
number of narrow oviducal gland. Frequently a prosate gland, 
an eversible sac (sac of the dart) and a penis may also be present. 

Copulation.' With the onset of rains the snails become active 
and begin breeding at once. Copulation takes place in water or on 
ground and lasts for two or three hours or more. At its base the 
penis becomes connected with the genital papilla and both the penis 
and its sheath are inserted in the mantle cavity of the female. The tip 
of the penis is inserted into the vagina and the spermatic fluid is trans¬ 
ferred into the seminal vehicles. Fertilization takes place within the 
body of the female. The development takes place outside, ihc eggs 
arc laid in large masses, 2C0—8 co at a time, in some shallow sheltered 
crevice and are left to develop without incubation or other help ot the 
mother. Fach ceg comets of a whitish shell, a double shell membrane, 
a thick layer of white solid albumen and a core of fluid albumen into whicn 
floats the embrv > 



Embryology. The eggs mav develop within the body of the mother 
* or may be laid. In the oviparous 

species that do not copulate 
unfertilized ova arc generally 
laid (Pair//a) one by one and are 
not united by accessory envelope, 
fertilization in such forms takes 
place after they arc laid. In 
otheis the fertilization is internal 
and eggs arc laid in masses, em¬ 
bedded in jelly, each having us 
own hvalinc envelope. Some¬ 
times large numbers ot capsules 
arc attached to rocks or sea 
weeds etc. In aquatic species 
the shells surrounding the eggs, 
mav be in a single gelatinous 
mass, which may be nbbon- 
shaped and in some (Basom- 

matophora and Opisthobranchia) 
Fie 523 . Helix pomatia in the act of the ribbon may be coiled. Some 
cpositinK egc* in a >l*ciafly dug out (p u l m onata) lay eggs in the 
cvicc (after Neisenheimcr). cart h. J n the ovoviviparous 


1 Bahl, K. N.—Mem. Ind. Mus., IX, pp. 3—8 1928 , 
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gastropods the development takes place in the terminal portion of 
the oviduct (Streptoneura, Opisthobranchs, Pulmonates, etc.;. 



Fit* 524. Formation of germinal lasers in Gastropoda (after Konche't and 
lleider). ' A and U. seen from side ; C-F. seen from upper pole, and H from lower 
F ole; G,-an optical section. 1, polar bodies ; 2, micromeres j 3, macromeres ; 
4, melodcrm ; 5. ectoderm ; 6. cndoderm. 

The segmentation of the ovum is always total and soon becomes 
irregular (except in those forms in which yolk is less). Throughout 
the class the cleavage pattern is similar (typical spiral) in early stages 
and resembles these of Nerds and other Clactcpcda. The first feur 
blastomcrcs arc usually equal or nearly so. These give rise to a new 
series or quartettes of smaller cells (micromeres). The larger cells are 
known as macromeres. The micromeres multiply more rapidly than 
the macromeres and form a cap (Fig. 524) of small cells on the surface of 
the larger cells. Of the four quartettes formed, three give rise to ecto- 
dermaU organs. Of the cells of the fourth quartette, three become 
cndoderm cells forming ultimately the cndodcrmal lining of the mesen- 
teron and the fourth becomes the parent cell of mesoderm. The blastula 
formed in this manner contains ablastococl in the interior which is large 
in fo<ms like Patella., Planorbis, Lin;cx t but is much reduced in other 
gastropods. The animal or formative pole of the blastula is indicated 
by the presence of the polar bodies whereas the vegetative or nutritive 
pole is opposite, greatly thickened owing to large macromeres 
forming it, and it is at this point that the blastopore will be formed. 

Gastrulation. In some forms ( Planorbis , Peltdir.a) tie gastiulaticn 
is effected by invagination of the cndoderm, formed by macromeres, into 
the ectoderm, formed by the micromeres. In others gastrulation is 
effected by epiboly, i.e. due to rapid multiplication the ectoderm en¬ 
croaches upon the much larger macromeres and the endoderm invaginates 
at a later stage forming small enteron. In most cases the blastopore 
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closes and a definite mouth is formed by a new invagination at the point 
of closure \n(Paludina a portion of the blastopore remains open and be¬ 
comes the anus). The mesoderm is formed as two primary mesomeres 
from the fourth macromere, as mentioned above. The mesodermal 
organs (definitive kidney, heart, etc.) appear at a late period as during 
development first the provisional larval organs appear. 




Fig. 525 . Early Development of Patella, A, blasmla ; D. gaslrulalion begins! 
C, completed Rastrula ; D. frontal section of a later stage. 1 . prototroc • ’ . 

mesoderm cell ; 3 . blastopore ; 4 . endoderm ; 5 . apical plate ; 6 mesenteron , 
7 , shell gland ; 8, mesodc.m (from Korschclt and Heider after Patten). 

In molluscs generally two types of larvae occur in their 

The ciliated trochophorc is one and the 
veligcr, another. The ciliated trochophorc 
in its typical state appears in Pa/fl/a ana 
Trocbus and in these it is formed at a very 
early period, even before the formation ot 
the mesoderm, and becomes free at once. 
It bears a ring of cilia in front of the mouth, 
the prototrochor future velum, boon the 
trochophorc develops into a yet more efficient 
locomotor form, the veliger. Its head 
bears a ciliate area or “velum often pro¬ 
duced into retractile lobes ; its body already 
shows the beginning of foot and mantle; 
the dorsal surface lies the little embryonic 
of Patella. • shell gland. The young gastropods a.c 

Tttttstttst'zsx fys. 



•Fig. 504 . Trochophorc 
of Patella. 
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Gastropod is established. Post-larval metamorphosis occurs in 
various cases. The velum is absorbed by a process of phagocytosis 
and the adult organs appear. 

Although trochophore and veligcr occur in the development of 
most forms they do not occur in the types discussed here. They are 
not found in the Umellidens partly because it is a fresh water animal 
with a peculiarly adhesive larva (Glochidium) of its own ; not in Vila 
partly because it is terrestrial and also not in Sepia partly because the eggs 
arc rich in yolk. 

CLASSIFICATION* 

Class : Gastropoda. Mollusca which always exhibit bilateral asym¬ 
metry and have a shell consisting of a single piece only (univalve). The 
shell is generally twisted into a spiral into which the animal can withdraw 
wholly or partially. The head is distinct bearing tentacles and eyes. 
The foot is well developed and as a rule flattened vcntrally to form a 
creeping sole. Typically there are two plume-like ctcnidia in the mantle 
cavity, but there may be one, or ctcnidia may be wanting being replaced 
bv secondary gills. In air-breathing gastropods the mantle wall is vari¬ 
ously modified acting as a respiratory surface. The buccal cavity con¬ 
tains a radula. The larva is often of the trochosphcre type. The nervous 
system consists of a cerebral, visceral and usually pedal ganglia with vis¬ 
ceral loop. 

Sub-class I : Strcptoncura. (Prosobranchia). Dioecious Gastro¬ 
poda in which the visceral loop is twisted in the form of a figure of‘8* due 
to torsion. They arc almost always with a shell and an operaculum. 
The ctcnidia lie in front of the heart and the mantle cavity opens anteri¬ 
orly. 

Order : Diotocardia (Aspidobranchia). Strcptoncura in which the 
heart has two auricles and sometimes two aspidobranch (with two rows 
of gill-plates) ctcnidia. Kidney usually paired of which the right dis¬ 
charges the genital product; and osphradium not developed very much. 

Sub-order : Rhipidoglossa. Diotocardia in which the radula 
possesses rows of numerous narrow teeth diverging like the ribs of a fan. 

Example : Ha/io/is. 

Sub-order : Docoglossa. Diotocardia in which the radula possesses 
very few hooked teeth in each row. The heart is with one auricle. 

Example : Patella (Fig. 492C). 

Order : Monotocardia (Pcctinibranchia). Streptoneura in which 
the heart is with single auricle. The ctenidium is also single and is of 
the pectinibranch type, that is with one row of .leaflets. The kidney is 
single and gonads are with separate ducts opening far forwards in the 
male forming a penis. The osphradium is well developed. 

Sub-order : Stenoglossa. Monotocardia in which the radula is 
harrow and bears, in most cases, a single lateral tooth on each side 
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of the median (rachidian) tooth. A well-developed proboscis, an un¬ 
paired oesophageal gland, a pallial siphon and penis is always present. 
The buccal ganglia is situated near the cerebral nerve centres and far 
behind the buccal mass. 

Example : Buccinum. 

Sub-order : Taenioglossa. Monotocardia in which the radula 
normilly possesses seven teeth in each row. Proboscis and siphon 
arc generally absent. The buccal ganglia are situated behind the buccal 
mass and united with the cerebral centres by connectives. 

Example : Pi/a 

Sub-class II : Euthyncura. Hermaphrodite Gastropoda in 
which the visceral loop is untwisted, as a rule, and the ctcnidium lies dorsal 
to the heart. 

Order : Ophisthobranchia. Exclusively marine hermaphrodite 
Gastropoda in which the mantle cavity tends to occupy the posterior 
position again, due to detorsion of the visceral hump. The heart retains 
its primitive position and the auricle is situated behind the ventricle. The 
single ctenidium is often replaced by accessory respiratory organs such 
as secondary branchiae. The shell, if present, is very much reduced or 
internal. 

Sub-order : Tcctibranchia. Ophisthobranchia in which a shell 
is usually present and which arc provided with a mantle and a true ctcni¬ 
dium. 

Example : Ap/ysia (Sea-hare) 


Sub-order : Nudibranchia. Ophisthobranchia which have 
neither a shell in adult condition, nor a mantle nor a true ctcnidium. 
Ospharadia arc also lacking. They are slug-like in habit and have se¬ 
condary branchiae usually arranged around the anus or in rows on the 
dorsal surface. 

Example : Doris , Eo/is (Fig. 49 2 N) 

Order : Pulmonata. Hermaphrodite Gastropoda which show 
torsion and possess a shell without operculum. Ctenidia arc absent, 
the mantle cavity acts as pulmonary sac. The nervous system shows 
cvmm-trv which is secondarily acquired due to the shortening of the 
visceral connectives and the concentration of ganglia into the circumoc- 

sophageal mass. 

Sub-order : Basommatophora. Mostly fresh-water. Pulmonata 
in which eves are located at the base of the tentacles and an external shell 
["present. A few members are marine bur these are all shore forms and 

breathe air. 

Examples : L tmnaea, P/anoriis. 

c u r\rder • Stylommatophora. Plumonaia in which the eyes are 
at t the retractile posterior pair of tentacles. Shell well developed 
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a< in .he land snails or reduced completely concealed in the mantle as m 
the slugs. 

CLASS PELECYPODA 

are two lateral and symmetrical c.enidia and there ts an elaborate mecha- 
nism for feeding bv ciliary currents. 



F 15 . 526. Freih- water mussel, entire auimal. 1, umbo. ; 2, ligament; 
3. fool ; 4, lines growth. 

General Characters. The Pelecypoda (Gr. pdtkys , hatchct4/»^/, 
are bilaterally symmetrical molluscs with laterally compiessed soft 
hodv enclosed in a rigid shell of two parts (hence Bivalvia). T he mantle 
consists of two thin tegumentary lobes attached to the trunk dor- 
villy and extending over the sides to the ventral surface, so that they can 
lie brought together below the foot. The edges of the mantle lobes are 
»cncrally free but in many Pelecypoda the mantle lobes are partially 
united at one or two regions. The ventral region of the body is differen¬ 
tiated into muscular foot of variable size and form, depending upon the 
habit of life adopted by the animal. The mass of the foot is frequently 
invaded by a part of the viscera. In some forms foot becomes rudi¬ 
mentary. Posterior to the foot there occurs a byssus gland secreting, in 
some cases, horny fibres, the byssus, by which the animals may be perma¬ 
nently attached (Peelen , Ostrea). The two gills are thin and plate-like 
* Limellibranchiata) and create respiratory and food-carrying currents. 
Bodv is covered by one-layered epidermis ciliated on the gills and on 
the inner surface of the mantle. Well-developed musculature is present. 
Coelom is reduced being confined to the dorsally placed pericardium. 
Two pairs of fla' triangular labial palps (tentacles) bound the mouth which 
direct food particles inward. The coiled enteric canal is formed mainly 
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Fig 527. Internal structure ol the mussel. 

of the mssentcron. Rectum usually passes through the pericardium, 
penetrates the ventricle and opens above the posterior adductor. A 
si. gle pair of codomic kidney forms renal organ. Nervous system has 
four pairs of ganglia including the ccrebial. pleural, pedal and visceral, 
lives and osphradia arc chief organs of special sense. The sexes arc 
separate. Development is accompanied by metamorphosis. 

The class is divided into five orders : (1) Protobranchiata, (2) Fili- 
branchiata, (3) Eulamcllibranchiata, (4) Pscudolamcllibranchiata ; and 
(s) Scptibranchiata. 

TYPE FRESH-WATER MUSSEL 

The fresh-water mussels arc found in streams, lakes and ponds 
all over the world. There arc many genera and hundreds of species 
of these molluscs of which several arc found in India. The large 
lamcllibranch that is available here is found abundantly in the eastern 
districts of Uttar Pradesh and has now been named LamrUidais margmlis . 
These mussels live partially buried in mud or sand of the bottom and 
crawl about with the help of the protrusiblc muscular foot that protrudes 
between the two valves of the shell, />., Through the gape. From one 
side of the shell protrude two short tubes, the siphons, of which one 
has smooth edges and is the cxhalant siphon and the other has fimbriated 
margin and is the inhalant siphon. On slight disturbance the foot 
and the siphons are withdrawn and the gape is closed. In size each varies 
from 2 to 4 inches long. 

Shell. The shell of the lamcllibranch consists of two valves, which 
are united along a straight hinge-line by a tough elastic sibstar.ee that 
forms the hinge-ligament. The ligament passes transversely from one 
valve to another. Its elasticity is responsible to open and close the shell. 
Alone the hinge-line each valve has teeth-like projections that enable the 
shells to fit with each other. These arc the hinge-teeth. The hinge is 
dorsal and the gape is ventral. In Anodonta the connections between the 
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two valves is afforded only by a ligament, but in Unio each is produced 
with strong projections and ridges, the hinge-teeth, separated by grooves 
and sockets, and so arranged that the teeth of one valve fit into the sockets 
of the other. The same is the case with Lamel/idens. 


The valves arc externally marked by a scries of concentric lines, 
lines of growth. They lie parallel to the free edges of the shell. 
Alternate periods of slow and rapid growth can be marked out by 
their size. The umbo (plural umboncs^ represents the oldest portion 
of the valve. At this place the shell is the thickest This is the first 
part of the shell to be secreted along the edges of which subsequent 
layers are added. The inner surface of the shell also shows similar mark¬ 
ings. On a closer examination it is revealed that the shell consists of 
three layers : {a) The pcriostracum is the outermost layer formed of 
a chitin-like chemical compound conchiolin. It is dark blue when wet 
and brown when dry. This thin and translucent layer is partly respon¬ 
sible for some variations in the colour of the shell, (/•) the prismatic layer 
is the middle layer lying beneath the pcriostracum. It is composed of 
numerous calcareous prisms cm- 






bedded in conchiolin and (r) 
the nacreous layer or nacre is 
the last layer of the shell (Fig. 

528) It is also called “mother 
of pearl’* and is composed of 
alternate layers of calcium car¬ 
bonate and conchiolin. The first 
two layers are secreted only by 
the edges of the mantle and hence 
show concentric markings of 
discontinuous growth. The inner 
pearly layer is laid down by the 
whole surface of the mantle and '* 
has smooth lustrous surface. 

This layer may also secrete a 
pearl as a protection against 
foreign body, such as a parasite. Fig. 528 . Vrnical seciion of 

When a parasite, say a larval stage lhc shcl * of ^nodonta. 1. prriojtra- 

of a fluke, enters the mantle it f'«maiie la,er , 3 . nae- 

. i i • - . reous la\er ; 4 , omer rpihelium 

becomes enclosed in a sac formed of mantle ; 5 . connective tissue 

by the growth of the mantle la>er of mantle. 6, inner epithelium 

epithelium, which later on, mam’e. 

secretes thin concentric layers of pearly substance around the body (Fie 
5 29) Except for the concentric lines of growth the shell is smooth 
and there are no ridges or tubercles which are frequently found in the 
shells of other bivalve molluscs. The inner surface of the shell presents 
characteristic markings and structures: (i) the hinge-tceth that in.erl.ck 
the valves tightly are more clear on the inner side; (ii) the scars of the 
adductor muscles are other prominent structures. The scar of he 
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Fis 5'9 Formation of a Pearl. A. a parasite (I) sen es down between the shell 
and mantle (i) , 11. it is completely er.c rcled in a sac (0. wh.eh secretes cooceetne 

layers of pearly sulmarce. and C. a pearl (t) of pood size surround,ng the parasite.* 

formed. This prevents the parasite Irom banning the host and is a protective device, 
nosur or adductcr muscle is laiger and posterior. Posterior to the 
Tear of the anterior adductor is the scar of the anterior retractor muscle 
of the foot. Ventral to this is the scar of the protractor muscle 
Parallel to the margin between the adductor scars making the attachment 
of the retractor muscles of the mantle is a fine line, the pallial line indi¬ 
cating the attachment of the mantle. 

The mantle consists of two thinlobcs attached to one another and 
,o the visceral mass dorsally. The mantle secretes the two valves of the 
shell that lie over the two lobes. Normally the mantle is creamy white 
in colour but preservation spoils it. Certain parts of the mantle edges 
are so thickened and rolled as to form a dorsal exhalant aperture and 
a ventral inhalant aperture. The space enclosed between the ‘wo lobes 
of the mantle as known is the mantle or pallial cavity. Dorsally the 
pallial cavitv i$ bound by the visceral mass. 
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Fig. 530. Inner side of .he tight salve of .he shell showing .he scar, and 
>res>ions. ... f . 

Musculature. The shells arc enclosed agape by the elasticity of the 

77 ‘ (0 t S Imrior 3l T--Sr muscUs'which 
large cylindrical transverse bands of muscles controlling the move- 
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containing tnc ncari V, 

that lies posterior 0 0 ^ o £$! ®\ r ^'; 0 ^ 

to the digestive - C 0 S^ ;. ^ 

gland and the nep- ^- -- i l . l b *—, — .... JL ^ . ^ ._. ; -J 

hridium, a dark 

coloured structure Fi*. 531 . Movement of a clam. I, foot b extended 

Ivinc ventral and into sand ; 2. the tip of the foot swells and acts as an an- 
lateral to the peri- chor ; 3 , the contraction of the foot draws the animal for- 
3 i- 1 Thi» ward: 4 ,6, the process is repeated to continue forward 

cardial ca\ its. i nc 0 ion> 

coelom is reduced 

to a single ovoidal chamber, the pericardium lying in the dorsal region 
of the body and containing the heart and part of the intestine ; it is lined 
by coelomic epithelium. In the remainder of the body the space bet¬ 
ween the ectoderm and the viscera is filled by the muscles and connec¬ 
tive tissue. 

Foot. The foot is a muscular projection from the ventral surface, 
its size and form are very variable depending upon the life of the animal. 
The mass of the foot is invaded by a portion of the viscera, at least the 
-digestive canal, the liver and in some cases (superficially) the gonads. 
It is cylindrical in primitive forms. Usually it is flattened from side to 
side and terminates below in a more or less elongated keel, which ends 
in a single point which is always anterior. In some (Poromya) the an- 
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pig. 532 . A. schematic section of the mussel showing ithe re,picatory organs. 
Water tubes have been exposed, whereas, the pores ate h.ghly magmBed. 
terior portion is muchclonga.ed giving* tcntaclc-lihe appearance .o the 
foot.In Mvlih" a distinct posterior cartnatcd pr.^cnon ma^ bc secn l.c- 
hind the extensile pedal cylinder ; this has been called the Punch s 
Kp>». In some foot is rudimentary as in the boring Pelecypoda 
(PboL, Trr/rlo) and in those that are attached by a byssus■ w by a shell 
( Pec/en, Os!r«i). The foot is an organ ot locomotion. Figure 5 31 shoN 
how a clam moves with the help of a foot. 

Respiratory Organs. The es.en.i.L £g «°-7 

there arc two hanging in the 
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Fir 533 Cross-section of ihe body of a 
ynussd showing the position ol the gill lam.nae. 


mantle cavity (Fig. 53 2 )» onc 
on each side between the 
mantle and the visceral mass. 
Each ctenidium (Fig. 53 2 ) 
consists of a hollow axis, the 

suprabranchial chamber, 

which lies along the antero¬ 
posterior axis of the body. 
From the axis descend -two 
filaments or laminae at right 
angles to it. Each'filament is 
a hollow prolongation of the 
axis. It is made up ot an 
outer plate or lamella and 

inner lamella both united at 

the ventral tip. The cavity 
within these is divided by a 
series of vertical partitions, the 
inter-lamellar junctions, 
which separate many cavities* 
the water-tubes, of the gill. 
The entire outer surface ot 
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the laminae is covered by close set gill-filaments which impart striated 
appearance to them. At their bases the adjacent filaments are connected 
by horizontal inter-filamentar junctions imparting longitudinally 
striated appearance to it. The gills have a sieve-like structure being 
perforated by minute pores, the ostia, between the filaments and covered 
with cilia. They connect the mantle cavity with the water-tubes. 

Course of Water. The water enters through the incurrent siphon 
into the mantle cavity. From here it passes into the water-tubes through 
the microscopic ostia. In the water-tube the water (lows upwards into 
the suprabranchial chamber. ..rrm. <• 

From here it is directed to the _fpV 

the cxcurrcnt chamber and .os\dc 

out. The water takes oxygen 

the water enters the minute H lgj| 

mantle cavity has been re- ' 

corded in the case of some 
oysters and marine clams. 

For an animal of average size F‘g- 534 . Highly magnified portion of a gul. 
the minimum rate averages about 2-5 litres (almost 3 quarts) an hour. 

Digestive Organs. The mouth lies just below the anterior 
adductor. There arc two triangular flaps on each side of mouth. 
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These are the internal and external labial palps, which unite to 
form upper and lower lips. The upper lip is formed by the union of 
the external palps in front of the mouth, whereas, the internal palps form 
the lower lip behind the mouth. Both the lips bear cilia on their outer 
surface. The mouth opens into a short, flattened tube, the oesophagus, 
(Fig. 536) which leads dorsally to the stomach, a sac-like enlargement 
of more or less oval shape embedded in the digestive gland. Jnto the 
stomach open wide ducts from the digestive gland or liver . Ihe 
lining of the stomach is thrown into folds. The stomach of well-nour n- 
cd specimens contains a gelatinous rod, ihe crystalline style, which 
is supposed to help digestion. The style can be found in very tresh 
specimens only. In a starved individual it becomes reduced. Th 
digestive glands are a pair of greenish brown structures ot irregular 
shape surrounding the stomach. In mature specimens it closely inter¬ 
mingles with the gonads at its edges. It is made up of numerous biina 



inha'ant siphon ; 

• 7, stomach ; 8,. 
[ 12, kidney; 13, 


Fig. 536. Digestive orgaiu of the musse'. 1, foot ; 2, 

3. cxhalant siphon; 4. mantle ; 5, gill ; 6, labial pa'ps; 
digestive gland; 9. rectum ; 10. heart; II, pencard.um ; 

gonad ; 14, cerebral ganglion.. 

diverticula. The gland produces fat and stores if. Srrr.e people asso¬ 
ciate it with excretion. It also produces digestive fcirr.cnts. I r< m the 
posterior end of the stomach arises the intestine and enters ihe si bsiar.ee 
of the foot where it coiis on itself and again ascends vp to the place 
where the pericardial cavity starts. Frcm here it turns to M 
posterior side and passes into the rectum, the terminal portion ot *ne 
-ut which runs through the pericardium and traversing 'he ventricle it 
opens to the exterior through the anus in the excurrent chamber or 
cloaca. Internally the rectum has a ridge, typhlosole. 

Their food consists of organic particles and } it 

tom and protozoans ) suspended m \v ron y 

I 
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steady stream of water up to the gills. There they are distinguished, 
mostly by their small size, from silt and other undesirable materials 
during their passage to the mouth. Heavy particles drop on the mantle 
and are carried backward by cilia of the mantle and are expelled posteriorly. 
The lighter particles become entangled in mucous secreted by the gills 
and are carried always by beating cilia, to the ventral edge of the gill 
and then forward until thev meet the ciliary tracts on the palps. Here 
further sorting takes place. The larger particles arc carried to the tips 
of the palps wherefrom they drop off into the mantle cavity from 
which they are removed. Digestible material is carried to the deep 
groove between the two palps. This groove leads directly into the 
mouth between the two lips or ridges that connect the palps of one side 
to the palps of the other. There is no radula in this case because it could 
be of no help to an animal feeding only on microscopic particles. 


Nothing is known about the physiology of digestion. Whatever 
is known is based upon the study of marine clams. The digestion is 
mostly intracellular. Food from the stomach enters the digestive gland, • 
the cells of which readily ingest and break down solid particle. Protein 
and fat digestion arc exclusively intracellular, and the cells of the gland 
also absorb carbohydrates. The only extracellular enzyme is the car¬ 
bohydrate digesting enzyme released in the stomch by the dissolution 
of the crystalline style. The working of the crystalline style is quite 
interesting. The style-pouch is lined with cilia, the beating of which 
rotates the style and moves it forward with the result that its free end 
constantly rubs against a particular portion of the stomach wall and its 
head in worn away getting mixed with the stomach contents. 


Excretory System. The excretory organs are kidneys (urocoels) 
lying beneath the pericadium, one on each side of the body, and the 
Kebcr's organ (Fig. 536). F.ach kidney is more or less U-shaped 
tube of which the lower arm is spongy and glandular and is known as 
the gland alar part and opens into the pericardium or coelom. The 
upper arm is thin-walled and is known as the urinarv bladder. The 
two bladders communicate with each other by an oral'aperture. Each 
bladder communicates with the exterior by a minute aperture which is 
situated between inner lamina of the gill and the visceral mass. The 
kidney has the normal relations of a coelomoduct and is often called the 
organ of Bojanus, after its discoverer. The pericardial gland or 
Kebcr’s organ is a glandular mass of reddish brown colour anterior 
and lateral to the pericardial cavity. It discharges excretory material 
into the pericardial cavity. The kidneys extract waste products of 
metabolism from the blood and from the pericardial gland. The walL 
of the bladder is ciliated and maintains an outgrowing current. 

Circulatory System. The vascular system is of open type. Many 
of the blood ,-easels arc wide and capable of a (treat deal of variation 
m degrees of construction and distribution. Venous sinuses bavin? 
connective nssue walls of considerable dimension-, exist. I.acunar 
tissue is abundant. The blood consists of leucocytes Hosting in the 
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Fig. 537. Circulatory system of a bivalve mollusc (diagrammatic). 

colourless plasma. The leucocytes arc of three types but they arc 
simply developing stages of the same. The heart consists of a median 
muscular chamber the ventricle wrapped around the rectum and wo 
(right and left) thin-walled lateral auricles. The auriculovcntncular 
opening has valves opening into the ventricle. 

Arteries. From the anterior end of the ventricle arises the anterior 
aorta, runs anteriorly in the middle line along the anterior dorsal sur¬ 
face beneath the huge ligament. After covering a little distance t 
bifurcates forming the right and left terminal arteries. During its 
course each terminal artery gives off several branches supplying the 
mantle and the digestive glands, etc., and finally terminates in the an 
tcrior pallial artery. Before this division the aorta gives rise to the 
following paired arteries : the posterior pallial artery *“PP'y' n g 
mantle the hepatic arteries supplying the digestive gland .the inter 

Kos«r1or aorta and gives off branches to the pericardium, ventral 

lected by the vena cava• long »ou« aieinlying ^ ^ 

^ blood from the kidneys after the 
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Fig. 538. The drcula'.ory system of the mussel (diagrammatic). 

elimination of nitrogenous waste, and conduct it to the gills for aeration. 
The efferent branchial veins collect blood from the gills after aeration 
and conduct it to the auricles. The auricles also receive blood trom 
the vena cava directly through a vein that arises before it enters the kidney. 
The marginal sinus is a fairly wide vessel which runs along the whole 
of the free margin of the mantle. Behind the posterior adductor muscle 
it communicates with the horizontal veins, a paired vessel lying in 
the mantle parallel with but below the gill axis. Numerous other blood 
vessels from the mantle pour blood into it. Blood from this blood vesse ( 
is returned to the vena cava through the plicate vein. The blood from 
the mantle is returned to the heart direct without going through the 
gills or even through the kidneys. It is so because the mantle also serves 
as an organ of respiration and as such aeration of the blood takes place 
while it is in the substance of the mantle. 

Nervous System. This includes the cerebral, the pedal and 
the visceral ganglia and their connectives. The cerebral ganglia are 
triangular structures of pale yellow colour (sometimes orange red in 
fresh specimens) lying at the base of the palps. The two cerebral gan¬ 
glia of the two sides arc connected with each other by a cerebral commis¬ 
sure that passes over the oesophagus. From the cerebral ganglia arise 
the cerebral connectives that pass downwards and backwards into 
the upper part of the foot. The pedal ganglion is rounded, coloured as 
cerebral. It is formed by the fusion of two ganglia. On close examina¬ 
tion it appears to be bilobed. Many fine nerves originate from 
this ganglion and innervate the foot and the anterior retractor muscles, 
etc. The cerebro-visceral connectives are paired. Each arises from 
the postcro-lateral border along the cerebropedal and passes directly back¬ 
wards. It runs just below the place of attachment of the gill-laminae 
45 
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Fig. 539. Nervous system of fresh water mussel. 
2, pedal ganglion ; 3, visceral ganglion. 


1 , ccrebropleural ganglion ; 


and passing through the substance of the kidney it emerges out and is 
connected with the visceral ganglia. During the course several lint 
branches arise and innervate the visceral mass The cerebrovUceral 
connective is a delicate cord and is a bit difficult to find out as lies n 
the connective tissue over the visceral mass The visceral ganglia 

arc triangular flattened structures lying 
on the ventral side of the posterior ad¬ 
ductor muscle. In colour it is similar to 
other ganglia. These ganglia arc more 
separated from one another (Fig- 5 ! 9 )- 
F.ich ganglion gives off several nerves 
that innervate the posterior parts. The 
important nerves arc: (») the posterior 
pallial nerve ; (//) the dorsal pallia! 
nerve (innervating the mantle); the po - 
erior renal nerve (innervating the 
kidney); (/#) the branchial nerve (to the 

gills) ;W the posterior adductor nerve 
(to the adductor muscles, etc.). 

The sense organs include the osphradia, the a«ttcyatj>' 

epithelial sensory cells. The osphrad.a are a pa r of d ' ^ 

pigmented patches ^ rfS'ATrt 

statocysts are paired structures lymg some granules trone granule 

statocyst consists of a round sac containing ^ ^ ^ from the 

(the otolith) 'v.thm thc ovny. l he ^ occur jn , he outet epithc- 

ccrebro-pcdal connective. Inc sen mantle These cells arc 

Hum of the body and inner border of the mantle. 



Fig. 540. Statocyst of 
Anedonto 1, nerve ; 2, stato¬ 

lith; 3, connective tissue. 
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Fig. 541. Development of Anodonta. A. bUstula ; B. gattruUtion begins. 

sensitive to touch. The ventral border of the mouth also contains 
certain pigmented cells sensitive to light. 

Reproductive System. The reproductive organs arc very simple. 
The sexes arc separate and the male and female gonads occupy h 
same positions in different sexes. They are similar and only differ 
in coloration. The genital ducts are similar and open similarly to 

^In the male the testes are paired racemose glands of white colour 
lying among the coils of the intestine. In the mature specimens the 
mantle lobes are almost filled with the genital tissue. The genital duct 
(vas deferens) is short in front of the testes and opens just in tront 
of the opening of the kidney. The opening is called the genital pore. 

In the female the ovary is also a racemose gland occupying the same 
place but is red in colour. The genital duct (oviduct) is likewise short 
and opens in front of the renal aperture. There are no accessory struc¬ 


tures. 

Fertilization. The spermatozoa are discharged in the breeding 
season through the genital pore into the cloaca (of the male), whence 
they pass out and enter, through the incurrent canal, into the cloaca of the 
female. It is here (in the cloaca of the female) that fertilization takes 
place. The zygote then passes to the water-tubes which act as brood 
pouches. Here the larvae feed for some time on the mucous secreted 
by gills and each develops to a stage called glochidium larva, that hatches 
and passes out through the excurrent canal. 

Development. The development has not been studied in the Indian 
fresh-water mussel, Lam elHdens, but the development of Anodonta 
agrees with all, to some extent, differing only in certain details. These 
differences occur, perhaps, because of adaptations to fresh-water condi¬ 
tions. Moreover, a temporary parasitism of the larva has complicated 
the later stages. 


The egg-cell is surrounded by a vitelline membrane and is attached 
to the wall of the ovary by a minute stalk, the insertion of which is marked 
on the liberated ovum by an aperture (micropyle) through which the 
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gular delicate and porous shell-valves, each with a spiny incurved tooth 
on its free edge. The valves close together by the action of the adductor 
muscle, the mantle lobes are very small and their margins bear, on each 
side, three to four patches of glandular cells which secrete a long thread 
the provisional byssus. Peculiar brush-like sense organs arc also borne 
by the mantle lobes (Fig. 54 2 )* 

The glochidia arc produced in large numbers and fill the brood- 

pouch so much so that the gill-lamina 
appears as if packed with aggregated 
5 sand grains. Soon the glochidia are 

released in water where they slowly 
I sink to the bottom and most of them 

(jr To develop ^further, they must, 

,jr W:] within a few days, become attached 

JJr-'. y to the fins or gills of a fish and live 

|p?. / as ectoparasites. The glochidia of 

jZ Unio are without hooks and attach 

themselves to the gills, whereas, 
Fin. 543. The glochidium those of ^Wen/a are hooked and 
larva of Anadonia. 1, anterior arc attached to the skin or fins, 

adductor muscle 2 , byssus ; 3 , They, in this condition, become ency- 

• setae ; 4 , shell. sted by an overgrowth of the skin 

or mucous membrane of the host and are nourished by its juices. While 
in this condition the glochidia metamorphose into little clams in about 
ten weeks’ time. The glochidia leave the fish as juvenile mussles ready 
to begin independent life at the bottom (Fig. 544). 

In some fresh-water clams a parasitic stage is lacking, the young de¬ 
velop within the body of the mother. In marine Pelecypoda the eggs 
and sperms are shed into water where fertilization takes place and usual 
larval stages are produced—first a trochophore and then a veligcr. The 
glochidia of fresh water clams correspond to the veligcr of marine 
pclccypods. 

• Other Pelecypoda. The Pelecypoda are mostly sedentary bottom 
dwellers. MytUus, the sea-mussel is attached to solid objects bv a 
“byssus” of thread-like structures secreted by reduced foot The 
edible oyster, Osina , is permanently attached to rocks or shells Pbo/as 
is a form that burrows in hard clay or soft rocks. The shipworms 
Teredo, are slender bodied bivalve that burrow the wood of ships Pee 
/tn, attaches by a byssus but can detach and swim by clapping its sheik 
together. Some bivalves are commensals on echinoderms, some live 
in burrows ot worms and crustaceans and some arc embedded in sp nnof \ 
and the tests of ascidians. One genus Entovalvc , is parasitic in the hoi'* 
thurians. Some bivalves are enormous in numbers. It has been cairn 
lated that 4,500 000,000 clams Uve on 700 Square milcs of th D 

Bank. east of England. £8 cr 
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Economic Importance. The Pelecypoda form food of man Fn 
generations ancient people are known to have consumed molluscs di s . 
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Fig. 544. Life-cycle of freshwater clam. A, 6sh with glochidia ; B, juvenile 
clam ; C, matured clam produciug new glochidia. 

carding shells. The shells are reported to have made “shell mounds’*. 
An Indian “shell mound’* on San Francisco Bay contained over 1,000,000 
cubic feet of debris accumulated over an estimated 3,500 years. Annual 
consumption of molluscs in many countries is great. The soft internal 
parts of oysters arc sucked out and consumed fresh, cooked or canned. 
Shell is used on road, and its lime is taken out and supplied to poultry, 
etc. Good natural oyster beds in shallow water arc, therefore, highly 
valued. Oyster culture at various places has formed a good industry. 
Both Atlantic oyster and the Japanese oyster (Osirta gigas) have estab¬ 
lished on the Pacific coast. It is reported that United States takes 
130,000,000 pounds of oysters and clams, etc. (valued at 37,000,000 
dollars) annually. The shells also yield pearl buttons. 

Natural pearls, so valued since ancient times, arc produced by Pele- 
cypoda. As stated earlier pearls are formed as a protective measure 
against foreign matter or parasite. Fresh-water forms and oysters form 
some pearls. But the marine pearl oysters, Mar^aritifera , of Eastern 
Asia produce the best pearls. The Japanese artificially introduce small 
particles in the mantle of a bivalve, Aleftagrina, and keep them in captivity 
sometimes for several years till the artificial pearls (“culture pearls”) are 
produced. 

The teredos arc known for the damage they do to wood in marine 
structures. Now as a measure of precaution, such constructions (wharves, 
etc.) arc made of crcosotcd wood, concrete or metal. 


CLASSIFICATION 


Class : Pelecypoda (Lamellibranch.ata) or Bivalvia. Typically 
bilaterally symmetrical Mollusca in which the body ts very much com¬ 
posed from side to side. The mantle is d.v.ded tnto two r.ght and 
left, equal lobes, each lobe secretes a valve of the shell. The two valves 
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of the shell are joined together by a ligament and hinge. 1 lead is not 
distinct whereas the foot is more or less plough-shaped. Eyes, tentacles 
and radula are wanting. There arc two ctcnidia in the mantle cavity 
quite complicated in structure. The sexes arc separate almost always. 
The larva is of trochophore type. More than ten thousand species 
have been described of which approximately four-fifths live in the ocean. 
They are classified according to the character of the gills. 

Order : Protobrancliiata. The Pclecypoda in which the gills consist 
of short, flattened leaflets and the foot has a flat ventral surface acting as 
a sole. The shell is very characteristic having teeth on the hinge line. The 
labial palp is quite large. Marine species distributed along the Atlantic 
and Pacific coasts. 

Example : Nuciila. 

Order : Filibrancliiata. The Pclecypoda in which the gills consist 
of long filaments which hang down into the mantle cavity. The group 
includes marine species such as the edible scallops, the sea-mussels and the 
Noah’s arc shell. The adductor muscles of which the anterior is greatly 
reduced. 

Example : Area (Noah’s arc shell), Mjtihes (sea-mussel). 

Order : Eulamellibranchiata. The Pclecypoda in which the gills 
form two firm, smooth or plaited, plate-like structures, hanging into 
the mantle cavity on each side of the foot. 

Sub-order : Integripalliata. The Eulamellibranchiata with an entire 
pallial line on the shell and a small siphon which may be absent sometimes 
including fresh-water clams or mussels possessing large shell having equal 
valves, and umbo is anterior to the centre. 

Examples : Uitio , Anodonta 

Sub-order : Sinupalliata. The Eulamellibranchiata in which the 
pallial line forms a sinus and the siphons are quite large. Shells arc 
small or the worm-like body secretes a tube in which the rudimentary 
valves are embedded. 

Examples : Teredo (shipworm Fig. 492 B, B') ; Pbolas , So/en (Fig. 
492 M). 

Order : Pseudolamellibranchiata. The Peleq-poda in which 
only a single (posterior) large adductor muscle is present and the gills are 
plaited presenting vertical folds. The valves of the shell are often not 
equal. 

Examples : Pecten , Ostrea (oyster), Meleayina (pearl oyster). 

Order : Septibranchiata. The Pelecypoda in which the gills consist 
of only a horizontal rpuscular partition and the adductors are two. 

Examples : Poromya , Cuspidaria. 
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CLASS CEPHALOPODA 


Definition. Perfectly symmetrical Mollusca in which the foot has 
moved up forming circumoral appendages completely surrounding the 
clearly demarcated head ; the posterior part of the foot is modified to 
form a funnel or siphon leading out from the large mantle cavity; a shell 
may or may not be present; when present it is usually internal, sometimes 
external and in one group (Nautili) is capable of containing the body of 
the animal; the development is characterised by incomplete segmetation 
of the ovum. 

General Characters. The Cephalopoda (Gr. ktphile , head-{-/Wo/, 
foot) are the most highly developed marine Mollusca in which the ventral 
surface is abbreviated because of the displacement of foot that forms a 
crown of appendages around the mouth. This is what is meant by the 
name cephalopoda , />., ‘head-footed”. The members of this class 
include nautiluses, squids and octopuses. Like the gastropods all degrees 
of reduction of the shell is found in the cephalopods while the nautiluses 
have a large, calcareous, external coiled shell, the squids have only a thin 
horny vestige of a shell embedded in the mantle, and the octopuses have no 
shell at all. In contrast to the snail and freshwater mussel the squid is 
very active and has adapted to predatory life. The eyes arc like those of a 
fish, but unlike most bilateral animal's, the body is elongated in an 
antero-posteior direction. The long axis of the squid is dorso-vcntral. 
The functional upper surface of a swimming squid is structurally anterior 
and the functional under surface is structurally posterior; thus, when a 
squid swims its ventral surface is forward, the dorsal surface is the 
hindmost, the anterior surface up and the posterior down. 

TYPE CUTTLE-FISH 


The cuttle-fishes, devil-fishes, squids and nautili are the most highly 
developed among Mollusca. The cuttle-fishes are marine molluscs living 
usually up to the depth of a few fathoms, but often visit shallow water. 
They are quick swimmers and known for their strong arms. The) h 
a pair of eyes ^(Fig. 545) that are as complex in structure as those of 

fishes. . . . .1 -j .- 

External Features. The cuttle-fish has a distinct head devoid of 
appendages of its own; it bears two well-developed eyes and jsconncctcd 
to the body by a constricted region, the neck. It is surrounded by appen¬ 
dages formed by the foot which consists of ten arms bearing suckers that 

are adhesive and prehensile. Of these two tentacular arms are different. 
They arc more or less completely retractile within special pouches (Jr/)/,/, 

pfh 
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Fig. 545 . Stpia, cuttle-fish with its internal shell on one side, 
there exists a horny rim (Fig. 54 *)- The sucker works on the yacevm prin¬ 
ciple. When firmly applied to the objects the contraction ot the muscles 
of the wall of the cup increases its cavity thereby creating a partial vaccum. 
Consequently the cup adheres to the object. The number of arms differs 
in different members of the group. In some (Dibranchia) there are tour 
to five pairs of symmetrical arms but in octopuses there arc only eight 
similar arms. The arms mav be sessile or stumpy or variously reduced. 
In female Arzonauta the two dorsal arms arc enlarged to form a veil 
applied to the mantle and each'secretes a protective calcareous shell. In 
most cases a single arm of the male is modified (hcct< c< tylized) to form 
copulatory organ. The head region including the arms and the head pro¬ 
per is known as the cephalopodium. 

The remaining part of the foot forms a muscular funnel or siphon 
for the egress of water. 

Some people have argued 
that the funnel alone 
should be regarded as the 
modified foot and arms as 
appendages of the head. 

Hence the name Siphono- 
poda has been given to the 
group. This view docs 
not appear convincing. 

The funnel opens to the Fig. 546 . Loligo., in a swimming posture. 
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CLASS CEPHALOPODA 

Definition. Perfectly symmetrical Mollusca in which the foot has 
moved up forming circumoral appendages completely surrounding the 
clearly demarcated head ; the posterior part of the foot is modified to 
form a funnel or siphon leading out from the large mantle cavity; a shell 
may or may not be present; when present it is usually internal, sometimes 
external and in one group (Nautili) is capable of containing the body of 
the animal; the development is characterised by incomplete segmetation 
of the ovum. 

General Characters. The Cephalopoda (Gr. keph-i/e , hea 6 -\-podos> 
foot) are the most highly developed marine Mollusca in which the ventral 
surface is abbreviated because of the displacement of foot that forms a 
crown of appendages around the mouth. This is what is meant by the 
name cephalopoda , i.e. t ‘head-footed”. The members of this class 
include nautiluses, squids and octopuses. Like the gastropods all degrees 
of reduction of the shell is found in the cephalopods while the nautiluses 
have a large, calcareous, external coiled shell, the squids have only a thin 
horny vestige of a shell embedded in the mantle, and the octopuses have no 
shell at all. In contrast to the snail and freshwater mussel the squid is 
very active and has adapted to predatory life. The eyes arc like those of a 
fish, but unlike most bilateral animals, the body is elongated in an 
antero-posteior direction. The long axis of the squid is dorso-vcntral. 
The functional upper surface of a swimming squid is structurally anterior 
ami the functional under surface is structurally posterior; thus, when a 
squid swims its ventral surface is forward, the dorsal surface is the 
hindmost, the anterior surface up and the posterior down. 

TYPE CUTTLE-FISH 

The cuttle-fishes, devil-fishes, squids and nautili are the most highly 
developed among Mollusca. The cuttle-fishes are marine molluscs living 
usually up to the depth of a few fathoms, but often visit shallow water. 
They arc quick swimmers and known for their strong arms. They have 
a pair of eyes k (Fig. 545) that are as complex in structure as those ot 

fishes. 

External Features. The cuttle-fish has a distinct head devoid ot 
appendages of its own; it bears two well-developed eyes and is connected 
to the body by a constricted region, the neck. It is surrounded by appen¬ 
dages formed by the foot which consists of ten arms bearing suckers that 

arc adhesive and prehensile. Of these two tentacular arms are different. 

They are more or less completely retractile within special pouches 
WA/ etc.) in some thev are only very slightly retractile (Lo/igo). The 
arms are placed in pairs situated to the right and the left of the median 
plane. The arms are stout at the base and taper towards their free end, 
their outer surfaces are convex and the flat inner surfacebears cup-shaped 
suckers borne on short sulks (pedunculated). Sessile suckers also 
occur in some forms. The tentacles are comparatively long and^narrow 
and provided with suckers only towards their free end ~ “ 

carefully thclipofthccup appearsmcmbranous.immcdiatcly within which 
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Fig. 545 . Stpia, cuttle*6sh with its internal »hell on one side. 

.here exists a horny rim (Fig. s 4 *)- The sucker works on the vaccum prin¬ 
ciple. When firmly applied to the objects the contract.on of the muscles 
of the wall of the cup increases its cavity thereby creating a partial vaccum. 
Consequently the cup adheres to the object. The number of arms differs 
in different members of the group. In some (Dibranch.a) there arc four 
to five pairs of symmetrical arms but in octopuses there arc only eight 
similar arms. The arms may be sessile or stumpy or variously reduced. 
In female Argonaut a the two dorsal arms are enlarged to lorn, a veil 
applied to the mantle and each secretes a protective calcareous shell. In 
most cases a single arm of the male is modified (hcct« cotylizcd) to torm 
copulatory organ. The head region including the arms and the head pro¬ 
per is known as the ccphalopodium. 

The remaining part of the foot forms a muscular funnel or siphon 
for the egress of water. 

Some people have argued 
that the funnel alone 
should be regarded as the 
modified foot and arms as 
appendages of the head. 

Hence the name Siphono- 
poda has been given to the 
group. This view does 
not appear convincing. 

The funnel opens to the 



Fig. 546 . Loligo., in a swimming posture. 
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exterior behind the neck internally communicating with the mantle 
cavity by a small aperture. Primitively the funnel has the form of two 
symmetrical lateral lobes which simply incline towards one another and 
overlap in Nam Hus. In the Dibranchia the two lobes fuse together during 
development and forma complete tube. Through this tub? arc ejected 
the excrements, the secretion of the ink-sac and the generative products. 
In some (Nautilidac) the interior of the funnel is generally provided with 
a larger or smaller valves attached to its anterior or dorsal face. 

The mantle is thick and muscular and covers the trunk. It has 
taken over the protective function which in other molluscs is served 
by the shell. Towards the oral end it terminates in a ridge round the 
neck. Ventrally the mantle ends in a free edge, the collar, which sur¬ 
rounds the neck between the head and the visceral mass. By three 
interlocking spaces the collar articulates with the visceral mass. These 
are in the shape of oval projections or ridges of the inner surface of 
the posterior mantle-wall near its oral border which fit into the 
concave depressions or grooves on the facing surface. Thus, under 
ordinary circumstances the funnel is the main outlet of the mintle cavity. 
The mantle is also the chief locomotory organ. At the dorsal end 
of the body, its anterior surface is extended into a pair of triangular 
folds or ‘fins* which can be undulated to move the animal slowly and 
to change the direction. The most important movements of squids arc 
effected by jets of water emerging from the siphon, caused by Rhy¬ 
thmical contractions of the muscular walls of the mantle cavity, when 
the mantle is relaxed, water enters the mantle cavity around the edge ot 
the collar. Now the mantle contracts, the edge is tightly scaledland th 
water is forced out through the opening of the funnel;i when the man 
is contracted strongly a jet of water is expelled from the funnel Th 
pushes the animal in the direction opposite to that in which the ,ct is 
expelled. When the tip of the funnel is bent backward, *he squid d - 
ouhtkly forward to sei.e its prey. When the tip of the funnel >* directed 
forward the animal shoots backward like a torpedo ; and this is how they 
ciiollv behave to escape. The water required for locomotion and also 

£ 2,552 .brougk.h= pXmllr *** 

and not through the funnel, the valves of wh.chdo not .How water to 
*" t in The integument contains many pigment containing cells <>r 
-,fr,nbores each with yellow or brown pigment, in an elastic cap- 
side* surrounded' b^muscle cells These expand and contract rhythmi¬ 
cally causing the animal to be alternately light and dark. 

Shell The shell in the squid is internal being buried in the mantle 

with a Sharp, anteriorly-proiecting spine.^ ^ concave 

2 S main*mass JE 

,hin cl,careous lam,nae 
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between which are interspaces containing gas. In Spirula the shell is 
partly covered. In Nautilus the shell is external, coiled (straight in 
same Palaczoic Nautiloidca) and is provided with internal septa, 
disposed perpendicularly to the axis of the coil. The body occupies 
only the last chamber, but a prolongation of the mantle runs back to the 
initial chamber through a calcareous tube, shell siphuncle, that pene¬ 
trates all septa (Fig. sjj). The female Ancnauta also bears external 
shell which is different from other Cephalopoda in not possessing muscular 
attachments and is pedal in origin. It is formed some ten or twelve clays 
after birth. 

The squids possess cartilaginous internal supports also. Prominent 
among these is a cartilage-like case the cranial cartilage surrounding the 
brain (Fig. 547). Besides this there is a nuchal cartilage over the neck 
and a similar support of the siphon and fins. The mantle, fins, siphon and 
arms are all muscular. Powerful muscular bundles, originating from 
the ccphalopedal mass and from the side of the funnel, unite together 
and arc inserted symmetrically on the sides of the shell. Other differen¬ 
tiated muscular bundles may be recognised ; they are mostly due to the 
specialisation of the funnel. 

The mantle cavity is the sac enclosed by the mantle. The 
plume-shaped ctcnidia lie in the mantle cavity, one on each side. 
The anal aperture lies in the middle line of the posterior sur¬ 
face closed to the internal opening of the funnel. On cither side 
of the rectum is a narrow projecting tube with a terminal opening, 

the excretory aperture, In the mantle 
. cavity the gonoducts also open. 

J. - ^ 

Pv ' ! ' Digestive System. The digestive 

Ar I \ tube of Cephalopoda comprises the 
\ * mouth) a muscular pharynx (buccal 

\ J mass) with a pair of horny jaws and 

P v' radula ; a long oesophagus ; a 

A *muscular stomach with a pyloric 
J i Y 4 caecum and a short intestine which 

2 —-j J\ ' turns forward and opens in the middle 

* / » 3 line below the funnel. The mouth is 

Fig. 547 . Cranial cartilage surrounded by a thin peristominal 

of Sipia. 1 . eye; 2. p.Uial membrane enclosing a circular 

nerve; 3, visceral nerves; 4. lip beset with a papillae. The jaws 

statocyst. look like the inserted beak of a parrot 

(Fig. 549). The jaws are for biting pieces which are swallowed rather 
rapidly, so much so that the radula (quite small in the squid) is probably 
seldom used. The mouth leads into the buccal cavity in which is situated 
the odontophore carrying numerous minute teeth. The oesophagus 
is a slender long tube which runs between the two halves of the liver 
towards the aboral side. The stomach, into which opens the oesophagus, 
is rounded thick-walled structure. A wide caecum opens into the stomach 
close to the opening which leads into the intestine. At this point the 


Fig. 5*7. Cranial cartilage 
of Stpia. I, eye; 2. pallial 
nerve ; 3, visceral nerves; 4. 

statocyst. 
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Fig. 548. Anatomy of a squid. A, dissection to show internal ! 

n, an arm of squid studied with suckers; C. sucker showing the toothed 
D. sucker showing muscular stalk. I. mantle cavity; 2. e>e; 
lages ; 4, funnel ; 5. collar ; 6. anus ; 7, ink-sac ; 8, gill ; 9, g.ll-beart; 
visceral mass; 11, fin; 12. arms. 

the alimentrary tube turns upon itself and runs almost parallel tot h 
oesophagus to open at the anus. Two pairs of sal.vary glands <connecwd 
to the pharynx, arc situated in the head behind the cranial ear g • 
Whether they act as the salivary- glands of other anmals i..not. Kn • 
Extending from the neighbourhood of the salivary glands there ,s a tag 
brown glandular mass the “liver” or digestive gland. 
two (right and left) partly united portions. 1 he ducts of theII'«.) 
the stomach. Another gland, panccas, joins the sr, mach by mmu- 
ducts. The secretion of this has the property ot convening starcb) 

matter into sugar. The food of the squid compntes crustacean., 
molluscs and fishes. It swims forward with the arm to S' h 
then darts at the prey by suddenly e,ect.ng water from the «ph • 
the arms arc spread, the prey grasped and brought to the m " 
bitten by the jaws an.l swallowed. Small bottom mmals rc quie . 
covered by the spread arms and then gathered into the mouth. 
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Above the rectum occurs a characteristic organ the ink-sac. It is a 
pear-shaped body, a portion of the interior of which is glandular ; 
this is separated from a reservoir that receives the secretion of the 
glandular part through a small orifice, connecting the two. The 
ink-sac develops as a diverticulum from the dorsal wall of the 
intestine and opens into the extreme terminal part of the rectum. It 
secretes a black substance or sepia. The Cephalopoda arc able to 
expel the secretion contained in the reservoir at will. Thus, when 
attacked it may emit the ‘ink’ from the reservoir, which mixes 
with water in the mantle cavity, and is ejected through the funnel as a 
black cloud which acts like a smoke-screen, under cover of which the 
animal avoids attack and enemies. Some people suggest that the ink 
forms a smoke-screen that gives the opportunity to avoid the attack and 
some people arc of the view that it brightens dark objects that distract 
the attention of the enemy while the squid goes off in another direction. 
Some squids emit a substance which on coming in contact with water 
starts shining brilliantly simulating a flash of light that protects the 
squid. The ink-gland docs not occur in Nautilus , Octopus arc/icus t O. 
piscahrutn and some other species. 

Circulatory System. The Cephalopoda have a more complete 
and perfect circulatory system as com¬ 
pared to other Mollusca and the blood is 
nearly entirely contained in true ves¬ 
sels. The heart of a squid consists 
of a ventricle and two auricles. The 
heart is situated somewhat supcrficailly 
near the middle of the posterior or phy¬ 
siologically ventral surface. It lies in a 
pericardial cavity which is reduced very 
much in some (Octopoda). The essential 
part of the heart is the median ventricle 
which is divided into two lobes by a con¬ 
striction, and is somewhat asymmetrical 
in position, other organs being quite 
symmetrical. The auricles are lateral and 
symmetrical being nothing more than 
simple contractile expansions of the effer¬ 
ent branchial vessels (see below). From 
the ventricle arises the oral aorta at its 
oral end and a smaller aboral aorta 
from its aboral end. The aboral aorta 
bends over the ink-sac and supplies the 
aboral portions of the body. From the 
aortae arise arteries that penetrate the 
tissues where they break into networks of 
fine vessels or capillaries. The capillaries 
are connected with a system of veins. 

Of these the important one is the vena 



Fig- 549. Jaws of Sipia , A, 
in situ ; B. the jaws taken out 
(from Parker-and Hasweli after 
U. N. H.) 
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cava which runs from the head to the neighbourhood of the 
rectum, in front of which it bifurcates forming right and left afferent 
branchial veins, each running through the cavity to the renal 
organ of its side to the base of the gill, where it is joined by veins 
from the aboral region. At the base of each gill the afferent bran¬ 
chial vein becomes dilated forming a contractile sac the branchial or 
gill-heart, which pumps the blood through the gill. It gives the blood 
fresh-impetus, so that it passes through the gills at higher pressure. From 



Fig. 550. Radula of Sepia. 

the gills the blood is carried back to ventricle by two dilated contractile 
vessels, the efferent branchial veins one on each side. These bring 
the oxygenated blood to the heart that pumps it to various parts of the 
body. In Nautilus there are four auricles receiving blood from the four 
branchial gills, the ventricle is transversely elongated and the circulation 
is partly lacunar. 

Coelom. The pericardium, mentioned above, is the oral part: of a 
pouch respresenting coelom. It gives off a pair of diverticula, each lodging 
the branchial heart of its side and communicating with the renal sac9 
(cavities of the kidney), by a pair of apertures. The aboral part of the 
coelom forms a capsule (gonocoele) which encloses the gonad. 

Respiratory System. The respiration is carried on by the paired, 
plume-shaped ctenidia, lying parallel with the long axis of the body. 
Throughout the greater part of its length the ctenidium is attached 
the wall of the mantle cavity by a thin muscular fold. Each ctenidium £ 
made up of numerous pairs of delicate lamellae, the surface of which i* 
increased by the presence of a complexJsystem of fohiings. The bram 
chiae arc not ciliated, as they are in other MoUusca. The con'ractions 
of the muscular mantle are sufficient to produce a current of water enough 
for respiration. The exchange of gases takes place at he surface olf the 
foldings and the oxygenated blood is collected by capillaries and poured 
into efferent vessel which carries blood to the auricle, In N 
there are two pairs of branchiae (hence Tetrabranchia) all others have 
a single pair of branchiae (Dibranchia), and are free throughout their 

extent. . c . 

Excretory Apparatus. In all cephalopods the two divisions of the 

coelom are in open communication with the exterior. walled 

cation is effected through the kidneys which are a pair of rtun-wtad 
sacs, that open into the mantle cavity by means of conspicuo 
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Fig 551. Anatomy of Oilopus (alter Leu cart and Milne Edwards). Body is cut 
open posteriorly and the liver removed, 1, branchial artery ; 2, branchial nerve ; 3, 
pharynx ; 4, buccal mass ; 5, cerebral ganglion; 6, efferent duct of the upper salivary 
vary glands ; 7, funnel ; 8, upper salvary glands ; 9, crop ; 10, anus ; 11, afferent 
branchial vessel (branchial artery) ; 12, left renal aperture ; 13. efferent branchial 
vessel (branchial vein); 14. gastric ganglion ; 15, left auricle ; 16, spiral caecum of 
the stomach ; 17, renal sac; 18, wa'cr canal; 19, ventricle ; 20, ovary ; 21, rectum ; 
22, efferent ducts ol the digestive gland (liver), cut through near its opening into the 
intestine ; 23, mantle ; 24, stomach ; 25, right ctenidium ; 26, aperture of the right 
: 27 - *ellate ganglion ; 28. nerve to the gastric ganglion ; 29, upper salivary 
gland ; 30, aorta ; 31, oesophagus ; 32, optic ganglion, 33, lower salivary ganglion. 

excretory apertures. On cither side is an aperture through which 
the sac communicates with the pericardium. The right and the left 
excretory sacs communicate with one another orally and abroally. 
Through each excretory sac runs the corresponding afferent branchial 
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Fig. 552. Eye of a squid. 1, pupil; 
2, iris ; 3 retina ; 4, lens ; 5, optic 
ganglion ; 6, cartilage ; 7, optic nerve 


vein, formed bv the bifurcation of the vena cava, and surrounding it 
are masses of glandular tissue, through which renal excretion is carried 

on. The product of the renal excre¬ 
tion is the nitrogenous excretory 
substance called guanin, which can 
be detected in the internal cavity. 

Nervous System. The Cepha¬ 
lopoda possesses very highly deve¬ 
loped nervous system in sharp con¬ 
trast with that of its slow moving 
relative, clam. All the essential parts 
of the nervous system are centralised 
in the head, round the initial part 
of the oesophagus. In Nau/ilns the 
nerve centres show much less concen¬ 
tration than in others (Dibranchia). 
The cerebral, pedal and pleuro- 
visceral ganglia are all of relatively 
large size, arc closely aggregated to- 

K a,.g.,„u . u. S c i .. -K- — •* g«her >" thC hMd re 8 i0n , and arC SU P‘ 
ported and protected by the cranial cartilage. Thecerebralgangha 
arc fused together into a rounded mass lodged in a hollow of the c an.al 
cartilage. Anteriorly a strong fibrous membr.ne covers he bram. A 
pair of short thick processes, the optic MM "J.. “ 

the sides and soon expand forming Utg e optic g g n . 5rin hapus to 
Thick commissural bands of nerve-matter P a «Joundthe oesophagus^ 

unite the pedal and plcuro-visccral ganglia, l > lr ?8 * expands 

bral. the pedal ganglia are also united into a Single mass. This expand 

orally into a bfoad mass which gives rise to nerves 

the branchial nerves (Fig, ^thartes^ immediate conuct 

wltli ''the pedaL^Vrom^hes^e^ngH^ arise various nerves supplying the 

various organs of the body. 

The organs of special sense are very 

surface ^ehfnd 3 the ^•e^'^lw'c are^upposcd to^ ^e 

papillae, probnbh’an organoftase ^ ^ , curo . visccta i 

in the posterior portion of the cranial ca K cavities of the two 

ganglion. A cartdaginous septum of roundcd and pear-shaped 

organs. The inner surface presen - ,■ rA :- ed UD on the posterior 

elevations and is lined with a flattened CD '^ 1, ^^ 1 stat ? ca composed of 
surface into a ridge or crista sut.ca and a free ends and 

cylindrical cells furnished with sho* P s , a ,olith attached to 

connected with nerve fibres on the othe . S believed to 

the macula, is enclosed into the cavity. The statocjsrs 

maintain the equilibrium. 
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The eyes (Fig. 552) of the Cephalopoda are the most developed or¬ 
gans of special sense. They are supported by curved plates of cartilage 
forming a sort of orbit, connected with the cranial cartilage. The eye¬ 
ball has a firm sclerotic, supported by plates cf cartilage. The sclerotic 
presents a pupil towards the outer side. The part of the sclerotic 
immediately around the pupil is known as the iris. The outermost trans¬ 
parent surface is the false cornea. The lens is a spherical body of dense 
glassy-looking substance. In fact it consists of two plano-convex lenses 
in close apposition. It is supported by an annular ciliary process project¬ 
ing inward from the sclerotic. The lens divides the cavity of the eye into 
two portions, the smaller outer filled with aqueous humour and the 
large inner filled with vitreous humour. Somewhat complicated retina, 
the sensitive part of the eye, forms the inner lining of the large chamber 
the eye (Fig. 152). Besides the optic ganglion there occurs a body, the 
optic gland or the white body, of unknown function.. This structure 
agrees with that of the vertebrate eye. When two similar structures 
having a similar function appear in two distantly related groups, the struc¬ 
tures arc said to evolve independently and the process is said to be con¬ 
vergent evolution. Thus, the eyes of the squid and of a vertebrate, which 
have no possibility of a common ancestor, are said to have arisen by con¬ 
vergent evolution. Some squids also possess peculiar light producing 
organs. 

Reproductive System. The sexes arc separate and in some forms 
sexual dimorphism is pronounced. Generally speaking the males arc 
more slender or smaller than the females, but in Nanlilus the cephalic 
* hood and the aperture of the 

shell arc wider in male. Ar&o- 
nanta presents maximum dimor¬ 
phism, the males being much 
smaller and the females have 
characteristic external shell. The 
gonad is single and median situ¬ 
ated near the aboral extremity 
of the body in the coelom. In 
fact the gonad appears to be a 
projection into the wall of the 
coelom. 

The testis (Fig. 5 5 3) is a com¬ 
pact mass of minute tubules en¬ 
closed in a capsule from which 
arises asingle spermiduct, a con- 
Fig. 553 . Male genital system ol voluted tube, which leads into the 
Loligo (after Duvernoy). I, genital orifice ; seminal vesicles, into which 
2, prostate ; 3, seminal vesicle ; 4, sper- the prostate glands open. The 
miduct; 5 , testis ; 6 spermatophore sac •, sperms ate roUed up into i ong 

7 , origin of the spermiduct in the coelomtc __ 

general capsule; 8. genital coelomic ““W cylindrical chltinoid 
capsule. capsules, the spermatophores 

44 
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I «>r the discharge of the sperm, the spermatophorc has a peculiar 
arrangement comprising an apparatus of the nature of a spring which 
ruptures the wall releasing the sperms. The spermatophores are stored 
into a wide sac-like enlargement of the seminal vesicle called the sper- 
matophoral sac (Needham’s sac) that opens into the mantle cavity by 
a small aperture located at the tip of the penis, situated towards 
i he left. 

1 he ovary is simply a portion of the wall of the coelom, from which 

ova proliferate, occupying the same position that is occupied by the 
testis in the male. It is also enclosed in a similar capsule. The oviduct 
is a wide tube opening into the mantle cavity to the left of the rectum. 

I he lumen of the oviduct is continuous with the cavity of the capsule 
that lodges the ovary. The ovary presents an axial swelling which bears 
numerous follicles, containing ova in different stages of development. 
During the breeding season the ovary is packed with numerous ova so 
much so that it takes a polygonal form. Situated to the right and left of 
the inkduct, in the anterior wall of the mantle cavity, there occur 
nidamental glands of somewhat oval outline. The secretion of these 
glands is viscid and glues the eggs in masses. Internally each gland 
possesses a median canal in its long axis. A glandular mass, the 
accessory nidamental gland, is at the sides and around the oral ends 
of the proper nidamental glands. The function of these is unknown. 

The organ of copulation is the hcctocotyliscd arm. In Lo!ig> and 
Spiel it is the left fourth arm that is hcctocotyliscd. In Nautilus the 
organ of copulation is the spadix. During copulation the hcctccotylus 
receives the spermatophorc at its specialized tip and is inserted into 
the mantle cavity of the female where the tip becomes detached and 

rcmiins. The eggs arc laid, shortly 
after copulation, in masses or 
strings in a soft, gelatinous sub¬ 
stance, usually attached to some 
foreign body. In some cases the 
egg has a long or short st ilk. 'I he 
segmentation is incomplete, at no 
period does the ectoderm comple¬ 
tely cover in the vitelline mass. 
There is no proper blastopore. 
As the formative protoplasm is 
Iocat:d at the narrower end of 
the egg, the segmentation is res¬ 
tricted at this end and results in 
the formation of a germinal disc 
Fig. 554 . Bunch ol egg> ol Stfna or embroyonic area. In the course 
attached to a plant (after Jatra). of subsequent development the 

embryo is likewise restricted to 
this end, and never covers the whole surface of the vitelline mass, on 
which it appears to be seated. The embryonic area is the ccto- 
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derm. From a portion of this proliferate cells forming a perivitelline 
or yolk membrane. The region of proliferation marks the anal side. 
The cells thus formed migrate over the whole surface of yolk and 
form a layer of nuclei investing it. Later the anal edge of the peri¬ 
phery produces a second cellular layer, the endoderm, which is cresccn- 
•4 ' tic in shape at first, but later forms a circular sheet below the ectoderm. 
At a still later period the ectoderm gives rise to cells constituting the 
genital rudiment and other mcsodermic elements. After the three ger¬ 
minal layers are established the different parts arc formed by them. 

CLASSIFICATION 

Class : Cephalopoda (Siphonopoda). Bilaterally symmetrical 
Mollusca in which the foot moves near the mouth and is modified to 
form a series of long prehensile arms bearing suckers or tentacles. A 
part of the foot forms the funnel or siphon for egress of water from the 
mantle cavity. In most modern representatives of the class the shell is 
reduced or internal or entirely absent but in typical cases it is chambered 
and the animal occupies the last chamber. The head is well-developed 
provided with a pair of horny jaws and radula. 

Sub-class: Dibranchiata (Bclcmnoidca). Cephalopoda with a 
single pair of ctcnidia and kidneys. The head possesses a crown of 
eight oral arms with suckers. The shell is internal. 

Order : Dccapoda. The Cuttle-fishes and squids. Dibranchs in 
which there are ten tentacles 
with stalked suckers and 
the shell is well developed 
though internal. Examples : 

Loligo (Fig. 49 2 J)» $'P ia 
(Fig. 49 * H )- 

Order: Octopoda. The 
Octopuses. Dibranchs having 
eight arms only covered 
with sessile suckers.- The 
coelom is reduced. Exam- 
, pies : Octopus(?ig. 492 I) ; 

Ar to riant a. 

Sub-class: Nautiloidea 
(Tctrabranhciata). Cephalo¬ 
poda in which the shell is 
well developed and calca- 
reous. Arms are numerous 
without suckers and there 
are two pairs of ctenidia and the shell™!, 
kidneys. The funnel is in- septal neck; 
complete. Example: Nautilus (Fig. 555). 


Naulilus. Vertical section of 
body chamber; -2, septum j 
4, nphuncle. 
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Sub-class : Ammonoidea. Cephalopoda possessing an extragastri- 
cally coiled shell, with a calcareous proteoconch and marginal siphuncle. 
Ihis includes extinct cephalopods. Example: Pbjl/o eras. 

REVIEW QUESTIONS 

1. Give the characterises of the phylum Mollusca and give its classification 
with short notes on the various classes. 

2. Describe the digestive organs of a lamellibranch and compare them with 
those of the gastropod studied by you. 

3. Describe the circ ilatory system of fresh water mussel and compare it with 
that of Pda (A. U.' 53). 

4. Give a detailed accjunt of the structure of the ctenidium is Lamellidens 
and explain how it functions as a respiratory organ, a food caching organ and a 
brood pouch (A. U. ’52 ; Agra *49). 

5. Describe the respiratory organs of a fresh water mus.el and compare them 
with those of Pita (A. U.'5l ; Agra.'SJ). 

6. Compare the nervous sys’.em of L/nio with that of Pita. What is the elTect 
of torsion on the structure of a gastropod mollusc (A. U. ’49, ’54 ; Agra *59 and ’52). 

7. Write short notes on : Glochidium larva (Agra '49, '50, 51); Radula of Pda 
(A. U. ’49. ’50) ; Osphradium (A. U. '48); Organ of Pojanus (Agra '50, '54) ; Life- 
cycle in Unio ; pulmonary- sac (Agra *48). 
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Definition. Nearly cylindrical Coelomata in which the body is 
divided into three segments (head, trunk and tail); central nervous 
system consists of cerebral and suboesophageal ganglia connected by 
circumoesophageal connectives ; two groups of sickle-shaped setae on 
•head and individuals are hermaphrodite. 

General Account. The arrowworms (as they are popularly 
called) constitute an isolated group of transparent pelagic animals 
having only three genera (. Sagitta , Eukrohnia and Spadella). These 
animals arc of great interest to naturalists in spite of their small num¬ 
ber. The affinities of the group are very doubtful, as such it has been 
raised to the phylum status. 



Fig. 556. The arrow-wormi (chaetogaaiht)'jwiraming io their natural iute. 

External Features. The body is transparent, slender, usually 
i-3 inches in length. In an open ocean they look like cellophane 
arrows as they dart after their prey. In certain seasons they appear in 
incredible numbers and form a part of the food of fish. The body is 
divided into three regions—head, trunk and tail—and has fin-like 
projections which probablv act as balancers. The mouth is on the 
ventral surface of the head and is slit-like. The anu9 is situated at 
the junction of the trunk and tail, about a third of the way from the 
posterior end. 

The head (Fig. 3 37) is slightly swolleo. It is covered by a fold 
of skin which arises from the dorsal side of the head, and forms a 
kind of hood (the prepuce), more developed laterally than ventrally. 
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Around the neck there is a slightly thickened area where the epi¬ 
dermis is stratified. This is called collarette. The head carries 

groups of sickle-shaped setae, the seizing -, 

jaws, which are laterally placed. There are 

also present a number of spines or teeth. Wp 

The head also bears a set of two eyes. Close 4 /\M 3 

behind the head there is an annular modifica- / r fr 

tion of the ectoderm, the cells of which are 5 / 1 H 6 

ciliated. This is supposed to be an olfactory \ H- 7 

organ. The main mass of head is composed 1 'jl 

of muscles having various functions. J r A 

The body possesses two pairs of cutaneous 2 tA - 8 

fins. The lateral fin-folds arc on the sides / 

and the caudal fin is situated around the tail. j j \\\ 

The fins consist of a fold of ectoderm con- ' j ;'l 

taining a gelatinous substance, on each surface ; 1 j 

of which lie some chitinous rod-like rays be- } . 

neath the ectoderm. 

Body Wall. Outermost epithelium, the 
epidermis, has thin fiat cells with distinct ^ 

oval nuclei arranged in one layer or more 8) |fl 

than one layer. The epidermis secretes struc- M | 9 

turcless cuticle. This is followed by a struc- iB| HjR 

tureless basement or basal membrane below 
which is a layer of longitudinally disposed 

muscle fibres which are all cross-striated. In KgjH*° 

the regions of the trunk and tail the muscles \$1@ h / 

are arranged in four bundles, two dorsal and 11 

two ventral. The muscle fibres are all cross- ^\Jj jj 

striped. These muscles in their arrangement JM 

and appearance in transverse section appear like \ll? 

those of the nematodes. In the head the mus- 
cles arc broken up into bundles which work " 12 

upon the jaws. y/:;\y 

Body Cavity. The coelomic body cavity \y 

is well developed. It is lined by a layer of flat 

epithelium and is divided into two lateral Rg 557 Ana.omr 
halves by a longitudinal septum into wh,ch .s 

situated the alimentary canal. Thus, the septum ncj . 5 prepu cial gland ; 
Krrnmcs divided into two parts—the dorsal g. circurn oesophageal 

-*JSWiftS 

are transverse partitions also. Unc !S a .tnc , ion . 9 ovar> -. | 0 . late 
junction of the head and trunk and the other at ral fin . lcsli , ; 12. 
the junction of the trunk and tail. Of these caudal fin. 
three chambers the posterior alone communicates with the exterior 
through the male generative ducts. The septa indicate segmentation. 

Digestive Organs. The alimentary canal is a straight tube 


Fig. 557. Anatomy 
of Sogitla. 1. jaw ; 2, 
mouth ; 3, brain ; 4, spi¬ 
nel ; 5. prepucial gland ; 
6. circum oesophageal 
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beginning at the mouth and ending at the anus. The mouth is a 
slit-like opening situated at the bottom of a depression, the buccal 

cavity or vestibule, on the ventral surface of the head. The mouth 

opens into the oesophagus confined only to the head region, where¬ 
after it widens to form the intestine. The mouth is surrounded by 
chitinoid hooks on its cither side that move in a horizontal plane (it is 
for this reason that they are known as bristle-jawed or Chaetognatha). 

No part of the alimentary tract is glandular, as such no true stomach 

is distinguished. No special glands open in the alimentary canal. 
Immediately behind the head, in the neck region the intestine possesses 
a pair of lateral diverticula, probably to allow certain amount of 
lengthening as a result of pulling and compressing actions of the 
head muscles, on the anterior part of the intestine. Posteriorly the 
intestine opens by a vcntrally situated oval anal opening, which lies 
just in Iront of the transverse septum that separates the trunk from 
the tail. 

There is no vascular system. 

The nervous system consists of a cerebral ganglion in the head 
and a large elongated ventral ganglion, the subocsophagcal ganglion 
placed in about the middle of the body length. These two ganglia, 
arc connected by long circumoesophageal connectives. The whole 
of this part of nervous system lies in the ectoderm. In addition 
there is a pair of ganglia connected with the cerebral and with each 
other below oesophagus. These are placed in the mesoderm and sup¬ 
ply the muscles of the head. 

The sense organs consist of a pair of eyes on the dorsal surface 
of the head and connected with the cerebral ganglia. Each eye is 
globular and consists of five pigment-cup ocelli closely applied to 
one another with their pigment walls. To each cup belongs a group 
of visual cells ending in rods which are connected with brain. The 
annular tract of ciliated ectoderm on the dorsal surface is supposed 
to be olfactory in function, and varies in shape in different species. 
Besides these all ovtr the surface there are tactile papillae. They are 
simply specialised ectoderm cells supplied with nerve endings. 

The excretory system is not well developed. There arc no 
segmental tubes nor any special organ of excretion. But there exists 
a pair of small glands situated dorsolatcrally to the pharynx, one on 
cither side. Some people were of opinion that they were salivary 
glands, but they are not seen to open in the digestive tract, as such 
their digestive function is out of question. The other opinion is that 
they are excretory structures. They open to the exterior at the base 
of the hood (prepuce) and the base of the head and are known as pre- 
pucial glands. 

Reproductive Organs. The animals are hermaphrodite. The 
female organs or ovaries are contained in the middle segment of the 
body and the oviduct opens on each side of the anus at the junction 
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of the middle and the caudal regions. The ovaries are placed one 
on each side. They are solid and are attached to the wall of the body 
projecting into the body cavity. The oviducts are narrow tubes ex¬ 
tending along the outer sides of the ovaries. An inner sperm duct, 
which acts as sperm pouch, is found within the oviduct. The oviducts 
are blind anteriorly and open to the exterior in front of the posterior 
septum. The germ cells pass through the lining of the duct, it is be¬ 
lieved. The exact method has not been studied. 


The testes arc situated in the caudal chamber. They are in fact 
thickenings of the parietal coelomic epithelium in the anterior part of 
the chamber. Cells arc released in the body cavity where they deve¬ 
lop into spermatozoa. The male generative ducts are a pair of delicate 
tubes the vasa defrentia, opening at one end in the coelom by a 
funnel-like opening. Each vas deferens before opening is dilated to 
f >rm a vesicula scminalcs. The external male orifice is situated in 
the posterior regions of the tail. 


Development. The ova are transparent structures which float 
on the surface of the sea, except in Spadella cephaloptera which attaches 
t !icm to the sea-weeds. The mode of oviposition and place of fertili¬ 
zation is not known. For Sagi/fa, of course, it has been pointed out 
that fertilization takes place in the body cavity. The whole develop¬ 
ment takes place in the sea ; there is no larval stage. 

The segmentation is complete and leads to the formation of a 
gastrula by invagination resulting in the formation of a blastopore 
which closes soon. Mouth is a new formation. The archcnteron 
gives off two folds from posterior end and thus becomes trilobcd. 
the middle lobe later acquires an opening to the exterior by invagina¬ 
tion at the front end, while posteriorly it opens into the archcnteron 
besides the openings of the lateral pouches. Later the hind opening 
of the middle lobe is elosed-it has now only the external opening. 
This is the formation of enteron. The anus is formed later. Archcn¬ 
tcron is separated off and so is the coelom It consists of two latcra 
sacs opening into an unpaired portion behind. From the anterior cn< 
of the two lateral sacs a portion is cut off which apparently becomes 
the cephalic section of the adult coelom. The further changes of 
the hinder part of the coelom into the adult condition have not been 

followed. 

In Sagilla the generative cells appear very early during seg¬ 
mentation. The two endoderm cells at the anterior end of the archen- 
cron (opposite to the blastopore) soon increase greatly in size^ 
Before long thev migrate into the archcnteron and divide forming a 
group of four cells, two of which subsequently become ovaries and 

two testes. 

The eastrula gives rise to the deric epithelium of the pharynx 
through stomodaeum From the same layer the nervous system arises 
a t a later stage. The epithelium of the intestine arises from the mesial 
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(inwardly turned) layers of the two endodermal folds. The muscular 
layer arises from the rest of the endoderm. 

Affinities. Slabber placed Sagitta with vermes without any 
discussion, but since his time the subject has been much debated and 
several theories of its affinities have come forward. O. Hcrtwig linked 

them with coclcnterates on the basis of the similarity of the mesen¬ 
teric cavity of Actinians. Gcgenbaur, Haeckel and many others 
related them with the nematodes, because in both there is a tendency 
to develop cuticle, the alimentary canal is straight and the muscular 
system is similarly disposed. But the nematode body cavity is 
pseudocoelomatc and that of the chaetognath is coclomic. Grassi 
compared the cerebral ganglia of the Arthropoda and Chaetognatha 
but this is not supported by cmbryological evidences. Sicbold, 
d’Orbigny, Gunther, H. Milne Edward and many others linked them 
with Mollusca (Hctcropoda). Meissner compared them with verteb¬ 
rates and Mctschnikoff with the Entcropneusta. In fact he formed 
one group Ambulacararia including the Echinoderms, Brachiopoda 
Chaetognatha and Enteropncusta. Later works show that Sagitta can¬ 
not be compared with Entcropneusta. 

The theory of their relationship with Annelida as supported by 
Krohn, Hcrtwig, Kowalevsky and Huxley and others appears attrac¬ 
tive. Both Annelida ( Poljgordius) and Chaetognatha have a large body 
cavity and a longitudinal septum supporting the alimentary canal ; 

have four groups of longitudinal muscles with striped fibres and pin¬ 
nate in section ; circular muscles arc lacking and epidermis is simple. 
The teeth and jaws are compared with setae of Chactopoda and the 
ventral ganglion of Chaetognatha might be considered as a concentrat¬ 
ed nerve cord. On the other hand, the Chaetognatha have no oblique 
septa, no nephridia, no blood vessels and embryology furnishes few 
points of comparison. 

Development of Sagitta is very much abbreviated and as such it 
is difficult to interpret various structures in the light of embryology. 
The mesoderm develops by archenteric diverticula (and by pole cells 
in the annclida). A trochophore stage is lacking in the Chaetognatha 
and the segments of Sagitta arise differently. 

Considering all these facts it seems more practicable to raise 
Chaetognatha to the status of an independent phylum with affinities 
with the echinoderms as the formation of coelom in both is similar 
(cnterocoelic). MacBride and others believe that many years ago„ 
there existed a stock of free-swimming forms, Protocoelomata, having 
a coelom still communicating with the gut. From this hypothetical 
ancestor have descended all the coclomates. The Chtctognatha have 
also evolved from the same stock and have remained unmodified. 

REVIEW QUESTIONS 

1. Describe the structure and development ol Sagitta. • 

2. Discuss the phylogenetic relationships of Chaetognatha. 
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Definition. The Echinodermata are radially symmetrical, usual¬ 
ly pentamerous (having five axes of symmetry) animals whose body 
wall contains calcareous plates, generally bearing spines ; the coelom is 
divided into several intricate spaces, one of which is the peculiar water 
vascular system and the gonads are not connected with the coelom in 

the adult stage. 


General Characters. The Echinodermata (Gr. eebinos , hed¬ 
gehog + derma, skin) are ‘spiny-skinned’animals constituting rather a 
backward phylum of animals which are considered to have undergone 
a certain amount of retrogression in their features and structure. 
Thcv arc exclusively marine animals including starfishes (Astcroidca), 
brittle-stars (Ophiuroidca), sea-urchins (Echino:<!ca), sea-cucumbers 
(Ilolothurioidea) and sea-lilies (Crinoidca), etc. .The cchinodcrm 
body plan is entirely different from that of other phyla, its relations 
however, are established by the larva. The animals arc triploblastic, 
radially symmetrical usually with pcntamcrous arrangement of body 
parts, in the ad alt stage, the larvae, being bilaterally symmetrical. 
The body docs not show any segmentation and there is no head. 
Most of the organs are ciliated. The body is covered by delicate 
• epidermis over a firm mesodermal endoskcleton consisting of movable 
or fixed calcareous plates, usually in definite pattern, and with 
spines. In some (Holothuroidea) the skin is leathery and calcareous 
plates arc microscopic. The digestive tube is simple usually having 
a second opening or anus (except in some). The coelom is large 
usually ciliated and is divided into several well-marked compartments 
carrying out different functions in life. One portion of the embryonic 
coelom' forms the perivisceral coelom; a second forms the water 
vascular system and is connected with the exterior through a per¬ 
forated plate (madreporite): a third part of the coelom forms the 
ncrihaemal system, while the cavities from whose walls the gonads 
TrV developed are also coeiomic. The water vascular system is 
provided with tube-feet serving for locomotion There ts no definite 
excretorv system. Respiration takes place through mmute g.lls or 
papulae ’ protruding from the coelom, by tube-feet and in some 
fHoloihunoidea) by cloacal respiratory trees. The nervous 
comprises a circumoral ring and radial nerves arising from it Sexes 
a rc separate (rare excepi ions also occur) but are alike 
are large with simple ducts, ova are abundant and f ' rt )' ZC<1 

in the sea. Larval life intervenes, the larvae being small, otated,.trans¬ 
parent and usually free-swimming. Conspicuous metamorphosis 
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parts rapidly. 
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is about 2 inches in diamater. 

The echinoderms live on the sea-shore and sea-bottom, front1 the 
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The phylum is divided into two subphyla and eight classes, of 
which three include extinct forms • 


Class 1. Holothuroidea—Sea-cucumber! 

Class a. Echinoidea—Sea-urchins ^ Sub-phylum 

Class 3. Asteroidea—Starfishes 
Class 4. Ophiuroidca—Feather stars 

Crinoidca—Father star 
Edrioasteroidea—Extinct 

Blastoidca—Extinct 
Cystoidea—Extinct 


Class 5. 
Class 6. 
Class 7. 
Class 8. 


j Elcuthcro 7 oa 

I Sub-phylum 
j Pclmato 7 oa 


CLASS ASTEROIDEA 


Definition, Pentagonal or star-shaped forms in which the body 
flattened in oral aboral axis, the arms are not sharply marked off 
from the disc and have an ambulacral groove from which the tube feet 
project; the madreporite is on the abactinal surface. 

General Account. The Asteroidea (Gr. astir, a star+e/Ax form) 
are typically pentamerous Echinodermata in which the body is com¬ 
monly flattened, arms longer, short viscera extends into the arm, am¬ 
bulacral groove on the ventral surface and the anus and madreporite are 
dorsal The number of arms ranges from five to more than forty, but 
aside from this diversity the chief differences in shape among the star¬ 
fishes are brought about by the variations in the length and breadth 

of the arms and by their lateral fusion. In some cases the adhesion 
has resulted in the formation of pentagonal form (Pattons rectiiii/ans) 
The skeleton differs in structure in different species and is important 
from the systematic point of view. 
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TYPE STARFISH 

The starfish lives on most sea-coasts and in the shore-waters from 
the tide lines to considerable depths on sand and mud. A few scat¬ 
tered individuals may be found on middle or sandy shores but they are 
quite scarce. Due to food relationships they are usually found 
in the same area with marine clams, oysters and rock-barnacles. 
They are inactive during the day but at night they are much 
more active. Ordinarily they move about with the oral side 
next to the substratum and if turned over they set them right. There 
arc little over one thousand species of starfishes which differ in certain 
details but as a class are more similar in structure and habits. As/rrias 
rnbenSy A. vulgaris , A. Jorbesi, Pisaster ocbraeens and Pentaceros are some 
of the common species. 



Fig. 558 . A. aboral surface and B. oral surface <*/«'"■«' in which V U ,he 
ambulacra! groove and the black spot in the centre is the mouth. 

Form of body. The body (Fig. J 5 8) of a starfish is composed 
of a central disc from which radiate a number of arms. There are 
usually'five arms or rays but some forms ntay havc morc hc sun^ 

<Hr> <“ Kiss- o‘vf,L of . “h™, 
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Fig. 559. Papulae and pediccllariae of the starfish. A—C. tridactxle pedicel- 
lariae ; D. olobular pedicellaria (after Koehler); E.-icssile pedicellaria of Cymnatlma 
(after Cucnot); F. a portion ol the external surface ; G. a portion ol surface sho vmg 
rosettes of pediccllariae extended ; H, strucluie of pedicellaria. 1, pediccllana ; 
gills ; 3 jaw ; 4 muscles ; 5, spines. 

portion of the central disc. It is apparent from this that the 
presence of madreporite interferes with the radial symmetry. The 
two arms betwen which the madreporite is situated apnear different 
from the other three. The starfish can be said to be bilaterally 
symmetrical along one vertical plane passing through the middle of 
the madreporite and that of the arm opposite to it, but this symmetry 
is also slightly disturbed by the eccentric position of the anus. 

On the aboral surface there are a number of short stout spines 
arranged, more or less, in rows on the arms and supported on irre¬ 
gularly shaped ossicles buried in the integument. Some of the spines 
are fixed and others are movable. Between the ossicles there are 
numerous minute dermal pores, through which project small soft fili¬ 
form cutaneous, retractile processes, the papulae or dermal branchiae 
(gills). Their functions are respiratory and excretory. Peculiarly 
modified spines known as the pedicellariae occur in the space bet- 
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ween the spines or in clumps around the bases of the spines. They 
are like small pincers meant to protect the delicate breathing gills. 
Each is composed of a basal plate with which articulate two jaws or 
blades (looking like snapping scissor-blades mounted an a single soft 
handle, Fig. 5 59). The jaws are internally provided with muscles 
with the help of which they can be moved. 



Fie. 5«>0. Diagrammatic transverse section of an arm of the starlish. I, aboral 
.nerve cord ; 2. epidermis ; 3. papula ; 4. 1; el|ccllaria ; 5 digestive: gland 5 6. epgj 

ws 'jws rsi ! “4 ’A ncrvc 

cord ; 1 f>, superficial nerve cord. 

On the oral surface lies the live-rayed aperture called actino- 
some or mouth in the centre of the disc and surrounded by a penora 
membrane, the peristome, and by oral spines. From 
some radiate out live narrow grooves, the ambulacral groove 
variable width, running along the middle ot the arms to their ex - 
mitics (Fig. 558 B). On either border ot the ambulacra groove there 
M ember two or three rows of movable calcareous spines he 
bulacral spines. The groove also contains two ,(or *»«) row* b 
soft tubular bodies ending in sucker-l.kc extrcm.t.es called the tube 

feet or podia, that act as locomotor organs. At the end of 
ambulacral groove there is a sensitive, reddish pigment spot, th y • 

Xmcdian process, the tentacle, overhangs each eye It ts simdar to 
the tube-feet but without sucker. The tentaclc is behc ^ 

tactile and also olfactory, as has been ascertained by some exp 1 

It is believed that the starfish is guided more by the olfactory 

the tentacles than by sense of sight in capturing its food. 
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Body Wall. The entire body of the starfish is covered by a 
layer of ciliated epithelium or deric epithelium extending over all 
external structures. The body walL is relatively strong and hard with¬ 
out being perfectly rigid because embedded within the wall arc found 
calcareous skeletal plates or ossicles, of various but definite shapes 
and patterns, which are bound together bv connective tissue and muscu¬ 
lar fibres. They are mesodermal in origin and lie in a flat position in 
the aboral portions of the body wall. Of these, those that support the 
ambulacral groove arc known as the ambulacral ossicles. These arc 
elongated ossicles arranged in two rows meeting at the apex of the 
groove, like the rafters supporting the roof of a house. These are, 
however, movably articulated permitting opening or closing of the 
groove. At the end of the row the ambulacral ossicles terminate in 
a median terminal ossicle. Supporting the ambulacra] spines and 
prominent tubercles at the edges of the grooves there is another row 
of ossicles on each side. Between the ambulacral plates there arc a 
series of oval openings, the ambulacral pores through which pro¬ 
ject the tube-feet. There arc two rows of these openings, one row 
higher than the other, and the pores of the upper row alternating 
with those of the lower row. Five flat plates surround the mouth. 
These arc known as the oral ossicles. 

Coelom. The body-cavity or coelom is a large space within 
the body wall extending into the arms. It is lined by ciliated coclo- 
mic epithelium which also forms an investment for the organs of the 
cavity. The coelom in the living state is filled with coclomic fluid 
containing amoeboid corpuscles or amoebocytcs. The coclomic fluid 
is similar in composition to sea-water and the amocbocytes collect 
particles of waste matter and when loaded with it pass it to the exterior 
by traversing the papulae. The amoebocytes also play an important 
part in removing foreign bodies from the organism acting as phago¬ 
cytes as mentioned above. Developmental!)- the coelom arises from the 
entcron of the embryo as a single pouch which soon separates from the 
cntcron and divides into a number of sacs, one (or one pair) of which 
is the hydrocoel and the others are splanchnocoel. The left hydrocoel 
gives rise to the water vascular system, the right is small (or lacking) 
and takes no part in the formation of the water vascular system. 
The splanchnocoel develops into the perivisceral cavity and its 
associated spaces (such as the pcrihaemal canals, aboral sinus, axial 
sinus, etc). 

Ambulacral System. The ambulacral system or water vascu¬ 
lar system is peculiar to the Echinodermata. It is responsible for 
locomotion in the starfish. The entire water vascular system is the 
modified part of the coelom. Essentially it consists of the madreporite, 
stone canal, radial canal, Tiedemann's bodies, lateral canals and 
tube-feet. The madreporite is the sieve-plate on the aboral surface of 
the body, through which sea-water enters in. It (madreporite) leads 
into a S-shaped calcareous canal called the stone canal or madreporic 
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Fig. 501. Waier-vascular s>stcrr. of the starfish. 1, madreporiic ; 2, radial 
canal ; 3 , ampulla ; 4 , lube feet; 5 , stone cinal ; 6 , ring canal. 


canal. The walls of this canal arc supported by a number of calcare¬ 
ous rings and its cavity is lined by cilia which arc responsible for 
the movement of water through the canal. The madrcporic canal 
opens into the ring canal, a pentagonal vessel around the 
(Fig. 561). In most starfishes (extept Alienas) from thc nn S' v 

a scrcis of five pairs of thin-walled, pear-shaped b adders with long 

narrow necks. These arc known as Polian vesicles and are inter- 
radial ly situated. On the medial surface of the ring cana! there are 
nine small racemose vesicles called Tiedemann s vesicles, the cavity 
of which is internally divided into many chambers andI which.pro 
ducc amoeboid cells or amocbocytes found in the fluid filling 
...Arising from the pentagonal vessel five radial canals or 

ambulacral vessels extend, one in each arm above the ambulacral 

am r- m rach radial canal arise paired lateral vessels each of 

ends in a sucker. Thus, a tube-foot is a closed cylinder with mus- 
1 olU havine a sucker at outer or free end and a bulb-like am- 
puha aTlts inne^end king within the body cavity. The tube-fect 

ire organs of locomotion which, in the starfish, takes place by 

means of a kind of hydraulic pressure mechanism. W hen the amp 
lac contract the water is forced under pressure into the tu - > 

which " end as slender flexible processes that can be twisted abou 
by muscles in their walls Special valvular *r»ngement prevents 
the back flow of water in the ring canal. If the tip 






F. g . 562. Anatomy of the starfish. 1. tube-feet; 2. ampulla ; 3. gonad • 4. 
gonopore ; 5. 6. marginal ossic c* ; 7. ambulacral ooiclei; 8. ambulacril norc ^ 5 
retractor muscle* ol the stomach ; 10 . cardiac nomach ; II. rec al caeca ; 12 h€Da* 
«ic caecum ; 13 cye.spo, ; 14. Cylindr.cal canal ; 15. pyloric pruch ^16 ho low arm 

^c'r'. .. . 19 ' *»** - -fee ,20. 

touches the substratum or an object, the muscles of its wall mav 
contract ami return the fluid to the ampulla and the foot shortens. 
\\ ithdrawal of the fluid lessens the pressure within the tip and causes 
,t to adhere to the ob)ect because of greater pressure of the sea-water 
or atmosphere outs.de the suckers of the foot, thus, work like vacuum 
cups. The tube-feet act either independently or i n a co-ordinated 
manner. By the alternation of thcactivitv frvfmcirv« _ . . 

f '■ Siff.tent 

slove itself from one place to another Anarr 

tain albuminous fluid in which float the amoeblcyfes h * C ° n " 

jsts^isfaisfia 
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as the blood system that is responsible for circulation in the absence 
of definite circulatory system. The vessels of perihaemal system run 
parallel to and encircling the water vascular system. Surrounding 
the stone canal there is a thin-walled canal the axial sinus. It is dis¬ 
tinct in all classes except in the adults of crinoids and some holothu- 
rians. It is derived from the anterior coelom of the larva and com¬ 
municates with the exterior by the water pote or some pores of the 
madreporite. It communicates below (oral side) with a ring, at its 
upper (aboral end) it communicates with or simply lies close to the 
aboral ring sinus (genital ring). Situated on the inner surface of the 
axial sinus there is a ridge-like structure of fusiform shape and unknown 
function. This is the axial organ (called variously as dorsal organ, 
ovoid gland, heart, etc. Fig. 564). It occurs in echinoids, asteroids, 
ophiuroids and crinoids. It develops as a fold of the axial sinus (except in 
crinoids) and consists of connective issue and of cells which have grown 
into it from the genital rudiment of the larva. Coelomic epithelium 
covers it towards the axial sinus. It is absent in holothurians. Some 
people attributed to it a lymphatic gland function, this is, however, very 
doubtful. Though the axial organ contains strands of lacunar tissues 
(like those of haemal system), ar its aboral end it is continuous with 
the genital rachis, a ring that runs in the perihaemal sinus and gives 
off branches to gonads, and as such it is icgardcd to be a genital stolon. 
Sex-cells originate in the aboral end of the axial organ, and travel 
through the genital rachis and its branches to the gonads, which arc to 
be looked upon as the greatly expanded extremities of the latter (Par¬ 
ker and Haswell). 


The aboral ring sinus is a ring-iike vessel on the aboral side. 
Attached to this ring arc five pairs of short processes, the genital 
sinuses. The oral ring sinus surrounds the mouth and gives ott 
radial branches each of which passes into one arm, as the radial 
haemal canal, which passes along the aboral surface ot the atms l>c:- 
ween the epidermal radial canal of the water vascular system. Besides 
these, there arc numerous circular spaces lying at the basesiof th 
papulae ; these are the pcribranchial sinuses. These the 

so-called vascular system, which is found in all classes and appears 
to be practically well developed in the holothurians and echinoids 
The whole svstem is formed of a peculiarly modified connect,vet.s ue 
in which the fibres are sparse and which contain intercommunicating 
spaces without an epithelial lining. The fluid ,n these spaces docs not 
appear to undergo any definite movement. 

Muscular Svstem. The musculature is very variously developed 

in the different starfishes. A well-devclopcd dermo-muscu ar body wal 

occurs only in the holothurians. 

slightly contractile or not contractile a. all In hose , ^ skcIc!al 

the muscles are restricted to special bands acting P walls 

KMisrssJSE-S: “1=- - 



PHYLUM ECHINODERMATA 


7°7 


furnished with movable spines and pedicellariae muscles are attached to 
the base of these structures. The muscular tissue consists of contract¬ 
ile unstriped muscle fibres. The muscles of some pedicellariae and 
spines are striped. 


a 



l >g. -63. Longitudinal section of an arm ol the starfish. 1, madreporite ; 
2. anus ; 3, lube-feet; 4, mouth ; 5, calcareous spine ; 6, cardiac stomach: 
7, p\ lor e sac ; 8, gonads ; 9, coelom ; 10, ring canal. 

Digestive System. The digestive tract is a modified tube ex¬ 
tending from the mouth on the oral side to the anus at the aboral 
surface (Fig. 563). The mouth leads into a short tube, the oesophagus, 
and continues to the double pouched stomach with which it is not 
clearly demarcated. Of the two pouches one is the larger portion that 
receives the oesophagus and is called the cardiac pouch. It is a five- 
lobed structure, each lobe opposite to one of the arms. The walls of 
the sac arc greatly folded. The structure is evcrsible. It everts out of 
the mouth by the contraction of the muscular fibres of the body wall. 
The other pouch, the pyloric pouch, is pentagonal in shape, each 
angle of which .s drawn out to form a pair of large appendages, 
the pyloric caccac. Each pair of pyloric caeca begins as a cylindrU 
cal canal or duct whose cavity is continuous with the cavity* of the 

P y |or . ,c cl r b .r- T , hc _ d “ ct bifurcates into two hollow arms that 
run almost to the end of the arm. Into each arm open several pouches 
t he walls of which arc glandular and secrete digestive fluid P Hence 
they arc also known as the digestive elands ^ 1 • ™ * 

of the stomach a short hibe^he'^c^ or^s^ef'^s^ 
opens aborally at the pore-like anus. Before opening it receives two 
brown branched pouches, the rectal caeca (or intestinal caeca) The 
buccai membrane is the part of the body wall round the mouth 

the mouth. The lay and passed on to 

interesting. I.arche/over Z prey To L° 7 X is > te 

valves and pull them apart (Fig. 564 B) The n “ n 8«P 'he 

.flshis much more *£ 
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Fig. 564. A. digestive organs of starfish. 1. p>loric pouch ; 2. (,i £ sU '’ c 
opening into hepatic caccim : J. gonad ; 4, rectal caeca ; 5, maJrepori . . 

catching a clam. 1. n.adicporite. 

resist, its such, soon the bivalve becomes fatigued and the shell begins 
to gape widely. Now the starfish everts its stomach and surrounds the. 
prey. Digestive fluids arc poured as the prey is held in position. Alter 
some time the stomach and its contents are withdrawn "'Jo the bod - 
Large bits of wastes arc passed out through the mouth, the small 
intestine serves mainly for excretion. The starfishes are v G r a c, u S 
feeders but can go without food for long periods. , They do a lo^ot 

damage by destroying large number of oysters from o b 
Snccial measures arc taken to destroy starfishes from such beds. 1 cop 
us P e a rope dr r a ; S "capture them and kill them by hot water or sprinkle 

lime on the beds to kill them. 

Excretory System. There is no distinct excretory system.in 

- c S'" r as SHS sssi 

dissolved wastes through the dermal bran h 

feet. ,. 
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nervous system comprises a circum-oral ring or nerve pentagon 
running around the mouth. From the nerve pentagon arise five nerves 
each running into one arm between the rows of the tube-feet and 
external to the radial haemal canal. Each gives finer nerves to the 
tube-feet and terminates in the eys. The deep nervous system is 
situated in deeper portion beneath the epidermis of the oral surface and 
is not visible in a gross dissection. The radial nerves in this set arc 
paired cords lying internal to the radial branches of the first set. Their 
branches innervate the muscles of the ambulacral ossicles. This set 
has its own nerve pentagon which is double and as such is known as 
the double pentagon. This third set of nerves, the aboral nervous 
system, is situated aborally. It consists of the anal nerve ring that 



- . F, 5- 5 “. Anal organ of A, mu I. dorsal sac; 2, head process of axial organ; 

3, aboral penhaemal sinus ; 4. genual onuses; 5. gonads. 6. aboral circular vessel; 7 
genual haemal sirands. 8 gasme haemal lufss; 9. axial organ; 10. axial sinus; 11 
mner peithaemal canal ■ 17. radial haemal sirands ; 13, perihaemal canal; 14 cir- 
cum oral haemal tissue (after Chadwick from Parker and Harwell.) 

lies surrounding the anus. From this arise radial nerve cords that 
are located in the peritoneum in each arm. These nerves innervate the 
muscles of the body wall. 

Sense Organs The organs of special sense are very poorly 
developed u the echinoderms. At the tip of each arm there is an 
eye-spot which can be easily located with the help of a hand lens 
fcach eye-spot presents a soft area having cup-shaped pockets. The 
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lining of the wall consists of pigment cells containing orange pigment 
and rod-shaped visual elements. The animal also possesses an olfac¬ 
tory sense. The seat of this sense is not certain. It is either located 
in the tentacle or in the podia or at least in some of them, especially 
those located around the mouth- The sense of touch is scattered 
being located in the skin of the aboral surface. It is especially con¬ 
centrated around the edges of the suckers of the tube-feet. 

Behaviour. The responses of »he starfish to stimuli are too 
complex to be stated definitely. If placed on its aboral surface it turns 
a sort of handspring by means of its arms and, thus, performs the 
“righting reaction.’* Starfishes can learn some performances. Professor 
Jennings taught individuals to use a certain arm in turning over. After 
180 “lessons” extending over a period of 18 days one animal learn 
the lesson and “remembered” it after an interval of seven days. 

Among these the young individuals are quicker to learn than the old 


individuals. 

Reproductive System. The starfishes arc monoecious, /'. the 
male and female individuals are separate, but the male and female organs 
arc morphologically alike and arc situated in the same position in both, 
only microscopical examination reveals the difference. The genitt 1 system 
is remarkably simple. There are no organs of copulation, no accessory 
no receptacles, etc., and the sex cells ate directly d, charged 
in the sea-water where fertilization and development takes place. In 
the axial organ (Fig. 565) there is a collection of cells, the genital 
stolon, which gives^off sex cells at its aboral end. The gcn.tal rach. 
is a tin" situated in the aboral sinus and continues below with the 
stolon ° It is this genital rachis that becomes enlarged at intervals, 

corresponding to the arm, and gives rise j a pair 
rnelom at the sides of the arms near the disc. Each arm has a pair 
Of them of which each is a branched, lobed sac from which a duct 
opens to the outside through a perforated plate in the angle betwe n 
°P. C ,, • TWk k the penital duct which is formed as the 

sTx^cells work their way through the walls of the arms for their exit. 

Fertilization. The eggs and sperms released in the sea-water 
nnnot survive Ion" unless fertilized. Sperms are attracted to the egg 

IXhVS iS com., in i» conan "f 

eafKtas i** i, - **«:sr,;r” 

blaftococl is reduced and the invaginated sac forms the archc 
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r. r!i!^ 5 M ,? CVel 0 T?“ e0l -. <>f A ‘ **ge ; B. fourcell stage 

c. ciliated bUstula; D. early gastrula ; E. coelocnic sac. arbi.w ; F codo* 
m.c sac. separated; G. coelome sac. divide into anterior and posterior parts; 
H. left anter.or coelum sends outgrowth to dorsal surface-forerunner of the 
stone canal; I left anterior coelom (black) begin, to curve around mouth and 
produce bud., the larval anus is derived from the blastopore* l rudiment of five 
radial cinali (black); K, .-* **« and left posterior STfcJi' 
corlom i L, ven ral view of the larva with five radial canal, (after DeUge and 

S; 'ittss: 2 - bU, “ pore; i -ns 

tcron, the opening of which is the blastopore. Next the larva elongates 
cilia on the general surface decrease and increase along certain definite 
bands. From the archenteton two-pockets arise (Fig. 5 66 E, F) which 
ultimately cut off as coelomic sacs that eventually give rise to the 
coelom and its derivatives, the water vascular system, etc The larva 
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up to this stage is bilaterally symmetrical, but soon each coelomic sac 
divides into an anterior and a posterior portion and changes begin 
which transform the bilateral larva into a radial adult. The left anterior 
coelomic sac gives rise to a tubular outgrowth opening by a pore on 
the surface. The tube is ciliated internally, cilia beat drawing water 
in. This is known as the pore-canal and it is the fore-runner of the 
stone-canal of the adult. In some starfishes the right anterior coelom 
also produces a similar pore canal which is ultimately lost. This shows 
that the bilateral symmetry persists longer in these and also that the 
ancestral starfishes were bilaterally symmetrical and that as a result of 
degeneration of the organs of the right hand side the radial symmetry 
has evolved. The posterior portion of the left anterior coelom soon 
produces another hollow outgrowth which encircles the mouth and 
develops five lobes. This marks the beginning of the water vascular 
system (Fig. 566 K). Meanwhile the endodermal layer produces the 
oesophagus, stomach and intestine, the blastopore serving as the larval 
anus. The oesophagus meets a tubular outgrowth vcntrally from the 
ectoderm which breaks open to form the mouth. In the meantime 
the larva develops various lobes on the bodv; on these iobes arc carried 
some of the ciliated bands (Fig. 567). The free swimming bilateral 
larva of the starfish is called the bipinnaria and keeps swimming near 
the surface for weeks. This settles down on some solid object, remains 
temporarily fixed and is finally transformed into the adult. The bipin¬ 
naria with several symmetrical processes is sometimes called a brachio- 
laria stage. As the larva changes to the adult the left and right poste¬ 
rior coelomic sacs form the perivisceral coelom ; the larval mouth and 
anus close and new mouth develops on the original left side, thus, 
producing the adult axis at right angles to the larval axis. The radial 
canals grow out and develop tubc-fcct and the body attains the adult 
form. 

From the above it is evident that by a process of asymmetrical 
growth, the bilateral larva is converted 
into a radial adult. This is a known fact 
that the bilateral symmetry is the symme¬ 
try of fast moving animals and radial sym¬ 
metry is associated with sessile life which 
must meet their environment on all sides. 

From this it is concluded that the ancestral 
echinoderm was a free-living bilateral 
animal which took to sessile life and became 
radial as a secondary condition. From this 
fixed ancestor the modern free-living echi- 
noderms developed, retaining the secon¬ 
dary radial symmerty. 

Regeneration The power of regent- ^ Bi p |nnalia larv ». I, 

ration is remarkably developed in the prcora j arin . 2 oral depression; 
starfish particularly with regard to its 3 , anus (after Field). 
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arms. Any or all of the arm* of the starfish may be lost but the miss¬ 
ing part is quickly regenerated. A single arm with a part of the disc 
will regenerate the entire body. The starfish is also capable of auto- 
tomy, /. e. self-mutilation. An injured or mutilated arm or one 
caught in the grip of some enemy is cast off by breaking at the point 
where it joins the central disc. The lost part is soon regenerated. 

CLASS OPHIUROIDEA 


Definition. Brachia'c Echinodomata in which the body is flat¬ 
tened in the oral-aboral axis, the arms are sharply marked off from the 
disc and are without ambulacral grooves. The madreporitc is on 
the oral surface. 

General Account. The Ophiuroidca (Gr .op//is, a snakc-f oura, 
a tail +tidos t form) arc flattened cchinoderms in which arms arc distinct 
from the disc. There are no gonads or caccae in the arms and no am¬ 
bulacral grooves nor anus; madreporitc on oral surface. The brittle-stars 
have a distinct round disc from which the arms are sharply marked off. 
The serpent-stars and basket-fish are all echinodcrms of this type classed 
under Ophiuroidca. The ophiurans live in shallow to deep water. 
They bury themselves in mud or sand in the day or keep hidden under 
stones or sea-weeds and come out in night. They move by rapid snakc- 
likc movements holding to objects by one or more arms and pushing 
with the others so as to jerk the body along. With the help of their 
arms they swim freely in water. 


TYPE BRITTLE-STAR 


Structure. The arms arc different from those of the starfish. 
They arc long, slender, jointed, fragile and exceedingly flexible. The 
ambulacral groove is absent, being covered over by skeletal plates and 
converted into the epineural canal. Each arm is covered by four 
rows of plates one aboral, one oral and two lateral. Spines arc restricted 
to the lateral plates. Within the arms the plates arc fused to form 
solid cylindrical ossicles or “vertebrae.** These structures are convex 
distally and concave proximally so that the adjacent “vertebrae” articu¬ 
late with one another by a complex ball-and-socket joint. The muscu¬ 
lature of the arm is well developed. Four muscles between each two 
vertebrae enable arm to be bent readily. In the arm extends a small 
,ubular coelom, nerve cord, haemal space and branch of the water vas¬ 
cular system. 


The water vascular system differs in several respects from that 
<>f tiie starfi , sh - The madreporitc is on the oral surface The tube-feet 
are ventro-lateral and without ampullae or suckers. Thev have lost 
their locomotory function and serve only as tactile oreans ihmrr 
“tentacles” by some). In addition ,0 their sensory X e ( thev d " 
respiration and may pass food to the mouth. ' 

The digestive organs are located in the disc Th^ • 

situated in the centre of the oral disc and is surrounded by fiv^groupl 
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P . r lfl o vcnir.l surface ol the disc of a briule sur. Ophioihrix frogilit 

sate ’■- “ > *• * 

f » u rhit serve as ij\vs. There is a sac-likc stomach but 

ofmowb p The indigestible wastes arc cast out through the 

nn “ h The food of brittle-star consists of minute organisms and 
mouth. 1 . • „ on t | ic mud of the sea-bottom. The food 

decay 1 n ‘zo rganic ^f ial tubcfcct, the oral tube-feet. The 

whTch extend out over the mouth serve as stramer, 

euemm is arranged very much as in starfishes except 
The nervous »£*«» • * thoSC forms in wh ich the epithe¬ 

ts the ectoneural plev^ ^ ^ cpidcrmal system (circu- 
hum " fthc CC , d d i , jmbulacrai nerves) is removed from the surface 

moral ring and radial m ^ Thc dccper syslcm consists 

and lies in the wall of an p^ d doje togethcr and just above the 
„f t W o trunks in ca n P sv ^ cm Thc aboral nC rvous system is 
radial trunks of the: supa rfi ^ „ f specia | sense include the tube-feet, 
perhaps not «prescn ■ ° f thc P radial nerve which dilates into 

b„..h= r.di.1 — — 

nates on thc terminal tcnticle. 

» bt “™" d in ,hi 
starfish, and so .Mhe^iaorg ^ ^ ^ ophiuroids are dioecious 

(except The" ^P^''inlu'eacejt Off* 

*■«> five pairs of sac-1,ke 
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invaginations of the inter-radial portions of the lower wall of the 
disc and project into the body cavity between the bulgings of the 
stomach. They open by slit-like 
apertures (double in Opbiura) placed 
one on either side of the inser¬ 
tions of the arms into disc. They 
have thin walls, are lined by ciliat¬ 
ed epithelium and often contain 
calcareous matter. The sac-like go¬ 
nads open into them. The genera¬ 
tive cells pass into the bursae and 
from there to the exterior through 
their slit-like openings. In some 
(Ampbiura, Opbiop/ocus , Opbiacantba , 
etc.) the bursae act as brood pouches 
and eggs develop in them. The 
bursae are also respiratory in func¬ 
tion. The sex-cells in the majority 
arc released in the sea-water where 
development takes p'acc. The Fig 5 f , 9 . Pluteus larva of Ophiu- 
bilateral free-swimming larva of roid with rudiment.of adult (after > 
ophiurids is known as the pluteus Cannes Muller), 
larva and has long ciliated arms (Fig. 569). After some days the larva 
undergoes metamorphosis, much in the same way as in the starfish into 
the adult. 

Regeneration. The power of regenerating lost parts is consider¬ 
able, but apparently the disc cannot be regenerated from a single arm 
(as in Asteroids). The term brittle-star is derived from the fact that 
these animals break off their arms if they become injured (autotomy). 
This also helps the individuals to avoid enemies and is not of any 
serious consequence as the lost part is soon regenerated. Reproduction 
by fission through the centre of the disc has also been reported for 
some genera ( Opbiactis ). 

CLASS ECHINOIDEA 

Definition. Spherical, oval or disc-like Echinodermata in which 
the body is covered by a shell composed of usually closely fitting 
calcareous plates beset with movable spines, the mouth is on the under 
surface, five ambulacra are indicated by rows of pore extending up to 
the aboral pole and there are typically five inter-radial gonads. 

General Account. The Echinoidea (Gr. eebinos , hedgehog-f- 
tidos, form) include the sea-urchins, sea-cakes, sand dollars, and heart- 
urchins, etc. The sea-urchins appear different from the starfishes 
because they are devoid of arms, yet they have the same fundamental 
structure. They have rounded bodies beset with many movable spines. 
The sea-urcnir.s (Arbacia, Echinus) are hemispherical in shape, the 
heart urchin (Spa/angus) is somewhat ovoid, and the sea-cakes (Echi- 
narachnitis) are disc-like. Ecbtuus esculentus is the edible echinoid. The 
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urchins live on rocks and mud of the sea-shore and sea bottom. Some 
shift to tide pools or hide beneath sea-weeds at low tide. Some exca¬ 
vate small depression in the mud or even in soft rocks into which they 
live. Some live partly buried in sand. They move with the help ot 
long spines and tube feet. Fishes, sea stars and other marine carnivores 
are their enemies. 



Fig. 570 . A, Echinccidani [Arbaeio) puslulosa from the apical side. B, Sea- 
urchin. 

TYPE SEA-URCHIN 

Form of Body. The body is covered over by a spine-covered 
external test or shell composed of ten double row of closely fitting 
calcareous plates, usually firmly sutured together. The mouth, provided 
with five teeth, is in the centre of the oral surface, and is surrounded 
by a broad membranous area free from spines called peristome. live 
pair of branched dermal branchiae or “gill. * occur Mound the 
margin of the peristome. There are five rows of long thin tube-feet, 
those on the oral surface being used in locomotion, but others in 
respiration. The anus opens in the centre of the aboral surface, within 
a central group of plates, the periproct. This is surrounded bv five 
nenital plates, of which one (which is the madreponte also) is larger 
and finely perforated. The plates perforated for the tube-feet arc the 
ambulacra? plates. The five rows of tube-feet with the ambulacra! 
Abates correspond to the rows of tube-feet on the five arms of the 
starfish. The intermediate rows which terminate in the genual p a e 
are interambulacral plates. On the plates there area senes of rounded 
tubercles on which articulate the spines. Each spine has a cup-shap 
base fitting over the tubercle (ball and socket joint) and can be moved 
by muscle 8 fibres around its base. The spines are cyl.ndrica po.n d 
solid appendages. Around the basis of the large spines there ar 
numberof very small spinules. Between the spines, here and there. 
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occur three-jointed pedicellariae, borne on long flexible stalks. The 
pedicellariae in Echinus are of various types. Here and there occur 
amall rounded bodies the sphaeridia, which are perhaps spines modifi¬ 
ed into sense organs as they contain ganglion in the interior (Fig. 571). 

Digestive System. Close to the edge of the peristome, on the 

inner surface of the shell pro¬ 
ject five processes, the auricles 
within the ring of which lies 
a corny hx five-sided masti¬ 
catory apparatus known as 
Aristotles lantern (Fig. 572). 
It comprises five long, curved 
and pointed teeth, that project 
through the mouth, each sup¬ 
ported proximallv by a ttian- 
gular ossicle, the alveolus. 
Epiphysis, a stout bar, is 
firmly united to the base of 
the alveolus. Adjacent epi- 
Fig. 571 . Apical due of sea-urchin. In physes arc inclose contact 
the centre it the periproct bearing the anus. with one another and from 

1, genital or interr.di.l pUle. (five surround- thcjr inncr mar( , ins ar jse stout 

ing periproct): 2 , m ad re ponte ; 3 , ocular . __ . V. .. 

plate or radial plate of which there *re bar > ° r f°«ulac, the inner 

five ; 4 . intcr-ambulacral area with spinel ends of which are bound to- 

only (modified after Macliride). gether forming a circular aper¬ 

ture through which the oesophagus passes. With the inner end of each 
rotula is movably articulated a more slender bar, radius, which runs par¬ 
allel and closely applied to the rotula on its outside and is bifurcated at 
the free end. This is the masticatory apparatus which is worked by four 
sets of muscles and one set of ligament. The mouth leads into a five- 
rayed pharynx, each ray being attached by a pair of bands of connective 
tissue to the inner edge of the lateral face of the adjacent alveolus. 
The pharynx opens into short oesophagus followed by abroad, lobed, 
coiled stomach which opens into a broad intestine coiled in the direc¬ 
tion opposite to that of the stomach and finally there is a short rectum 
(F'g* 573 )* From the oesophagus to the posterior end of the stomach 
there leads a tube, the siphon, in the stomach wall. The food consists 
of sea weeds, but small organism and dead animal matter may be eaten. 
Chadwick, on the other hand, considers Echinus to be probably wholly 
carnivorous 1 The occurrence of fragments of the shells of barnacles 
and serputid worms attests the destructive power of the alveolar teeth. 

Water Vascular System. The water vascular system consists 
of tubular canals which communicate, on the one hand, with the 
exterior through the pores of the madreporite and, on the ^ther hand 

ri T.J ° f tU c b f- fcet and ,heir ampullae. The madreporite 
hkc that of the starfish, ts perforated and opens into a madteporfc 

1 Chadwick, H., L. M. B. C. Memoir, Echinus. 
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ambulla lying below it. From this arises the madreporic tube or 
stone canal lined with ciliated columnar epithelium. This, at the base 
of the lantern, opens into the circular canal around the oesophagus. 
Into the circular canal open inter-radially five roughly pear-shaped 
and sacculated vesicular bodies, the Polian vesicles. From the cir¬ 
cular canal, in each radius, tuns a radial canal, which passing beneath the 



I intern lancii 

pin sis ; P. pyramid ; M. inlcrpyramiJal muse* • 

rotulae, down the outer surface of the lantern traverses the whole 
length of the ambulacrum, on the inner surface of the test, to its 
apex, where it ends blindly in the pore of the radial plate From 

waU'ed'amp^Uac 'of "the 

COnW Ne'voTpem The pty^* do* 

Tom this aristi five mdial^s, traversin^the 

enure length of the ambulacra, X . c nerve ring nerves arc given 
close relation with radial canal. F , jn R w hich they break 

off to the integument and thet wallI ofP h X edls and nerve fibres 
up to form plexuses. Five lamellae of gangi °n of lhe 

lie in close proximity to the arise?. These 

radial trunks. From each lamell l| and R are supposed to mner- 

ascend along the edgcs of the fi ° deep nervous system, 

vate their muscles. This has been " us P syst ems are poorly 

But for this, the deep and the aborai nc / s haerid ia and 

developed. Organs of special sense do sv <tcmarc the only 

the terminal tentacles of the " ‘ The tu bc-fcet are highly 

sensit^v^to'cxtcrnal s'timuh'andT those of" E. ^UrcuU.us have a 
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Fig. 573, Vertical section through sea-urchin (diagrammatic) showing basic 
bo ly plan, l.anui; 2, madreporue ; 3, mouth; 4, tooth (a part o Aristotle’s 
lantern / ; 5, | ediccllaria ; 0. intestine ; 7, calcareous spine ; 8, tube-fcci connected 
internally to the wa'cr vascular system. 

tubcrclc-like thickening of ectoderm close to the sucker disc, beneath 
which there is a ganglionic mass of nerve tissue. 

Vascular and Coclomic System. Besides the radial canal of 
the water vascular system two other canals traverse the ambulacra, 
in relation to the radial nerve trunks. Of these the spincural canal 
runs between the nerve and the test and the pscudohacmal canal 
runs along the inner axial face of the nerve trunk. Both these end 
blindly at the apex of the test in close proximity to the terminal 
tentacle and do not open into the 
circular cpincural canal surround¬ 
ing the pharynx. Little is known 
about the ontogcnic history of the 
pscudohacmal system. The canals 
contain a fluid similar to that found 
i n the coelom and probably they 
provide nourishment to the nerve 
trunks with which they are so inti¬ 
mate. 

The blood vascular system of 
Exbinus and its allies has been the 
subject of much discussion. There 
arc undoubtedly two vessels, which 
run alongside the inferior coil of the 
intestine in the mesentery which 
supports the latter. The ventral 
vessel runs along the inner axial 
side and the other along the outer 
side of the intestine, both being 
connected by numerous lacunae, 
and both have been described as 
opening into a circular vessel said 
to surround the oesophagus inclose 



Fig. 574. Internal organisation 
ol sea-urchin (after Rabaud). 1, in¬ 
testine ; R, rectum ; O, oesophagus; 
L. Aristotle’s lantern; A, anus ; P, 
pore pedieux ; M, mesenteron or 
midgut ; S, siphon, 
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proximity to, yet quite distinct from the water vascular canal. The pre¬ 
sence of these vessels is doubted by many (Chadwick). 

There is the axial sinus with the axial organ within. These are 
similar to those of the starfish described earlier. In Echinus there is a 
perianal sinus. This is separated by a membrane which connects the 
anal end of the rectum with the surrounding body wall. Below this 
another similar membrane encloses a second and slightly larger 
periproctal sinus. The fluid that fills the body cavity and sinuses 
has a peculiar musk-like odour and is of pale greyish red colour. It 
contains a small quantity of albuminoid matter and has an alkaline 
reaction. Two kinds of corpuscles float in the fluid—small colourless 
amocbocyts and larger colourless cells containing a number of large, 
spherical refractive granules. The coclomic fluid coagulates when 
withdrawn from the test. 




A » 

Fiff 575 A gistrula of sca-urchin. H. F.chinoplutcus larva. 1, frontal arm ; 
2. pi coral arm ; 3. ponoral arm; 4. anterior, ; 5. posterior transverse portion of dial¬ 
ed band ; 6, unpaired posterior arm ; 7. anal area ; 8. poster© lateral arm ; 9, oral 
area ; 10. postcro dorsal arm ; II, antcro dor>al arm ; 12. antcro lateral artn. 

Respiratory system. A large part of respiration takes place in 
most cchinoids through ten branched pouches situated in the area 
surrounding the mouth, one pair in each angle between the ambulacral 
plates. The tubc-fcct arc also respiratory in function. 

Reproductive System. The gonads are suspended by mesenteric 
folds from the inner wall of the apical halt of the test. They are 
similar in position and appearance in the two sexes, arc mter-radia 
and open to the exterior through genital pores on the genital 
plates (Fig. 571 ). The walls of the gonads are extensively ^cula.ed 

and form numerous follicles, on the inner surface of which the sex 

cells arc formed. When sexually mature the male gonads arc of mi k- 
white or creamy colour, while the ovaries are yellowish or orange 
brown in colour. 

Development. Fertilization occurs in the sea-water, segmenta¬ 
tion of the egg is total, though not quite regular and resembles that ot 
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the starfish described earlier (page 766). The bilateral free-swimming 
larva of the sea urchin is known as the plutcus and is provided with 
a number of elongated arms supported by delicate calcareous rods. 
This larva metamorphoses into radial adult much in the same way as 
docs the larva of the starfish. 

CLASS HOLOTHUROIDEA 

Definition. Elongated, worm-like Echinodermata in which 
the body wall is dcrmo-muscular containing small isolated calcareous 
bodies; contractile tentacles surround the mouth, the apical system 
of plates is not developed and the water-vascular pore is usually absent 
in the adult. The axial organ and generative axis are lacking. 

General Account. The Holothuroidca (Gr. bolos t whole +/bourios t 
rushing) arc elongated on principal axis at or near the two ends of 
which the mouth and anus arc situated. The most striking external 
features include its muscular body wall almost devoid of large skeletal 
plates; its branching tentacles surrounding the mouth and its lateral 
position when at rest or moving about on the sea-bottom. Sca-cucum- 
bers have a soft, sack-like, elongated body with small calcareous plates 
in the skin. The common examples of these arc Cucumaria and Thy one that 
occur on the sea-bottom or burrow in the surface mud or sand. They lie 
in lateral position when moving about or at rest, in which state they may 
be buried with only the ends of the body exposed. They are, however, 
quick to respond to the stimuli if disturbed. 

TYPE SEA-CUCUMBER 

Structure. The most striking external features of the sca- 
cucumber arc its muscular body wall 
almost devoid of large skeletal plates 
and its branching tentacles surround¬ 
ing the mouth. The number of retrac¬ 
tile tentacles varies from 10 to 30. 

They arc hollow and extended by 
water pressure being connected with 
the water vascular system (Fig. 5761. 

They can, thus, be compared with the 
oral tube-feet of other echinodcrms. 

The body is elongated along oral-aboral 
axis, of which one end is somewhat 
thicker than the other. The mouth 
opening is situated at the thicker (oral) 
end and the cloacal aperture (anus) 
is at the posterior or aboral end. 

T he body is five 7 sided and along each 
side extends a double row of podia 
or tube-feet. The three rows of tube- 
feet on one side (ventral) are broad 
and used for locomotion. This area 

w,th y* 8 ambuUcral «*« «*"* * **■ 
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Fig. 5 77. Internal Anatomy of Hololhuria lubulosa (after Milne Edwards and 
Carus from J.ang). I. oral tentacles ; 2, stone canal ; 3, water vascular ring ; 4, 
l’olian vesicle ; 5, gonads ; 6. longitudinal muscles; 7, anterior section of intestine; 
8, ventral intestinal vessel ; 9, radial water vessel ; 10, vascular anastomoses ; 11* 
dorsal intestinal vessel ; 12, filaments and strands of the nature of both muscles and 
connective tissue which attach the cloaca to the body wall ; 13, cloaca ; 14, cloacal 
eperture ; 15, middle section of the intestine ; 16, posterior section of the same ; 
17, right branchial tree ; 18, rete mirabile ; 19, radial canal of the water vascular 
s> stein ; 20 , left branchial tree ; 21, tentacle ampullae. 
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ponds with the trivium of other echinodcrms, the rest corresponds 
with the bivium and contains the two rows of thin and elongated 
tube-feet used for respiration. In some forms (< Cbolocbirut) the ventral 
surface is distinct with the three ambulacral areas and is devoid of 
rows of tubercles that occur on the dorsal side with only two rows 
of ambulacral areas. In Cucumaria (Fig. 576) the ventral surface is not 
clear but its position can be determined by reference to the tentacles. 

Body wall. There are no hard calcareous plates but the integu¬ 
ment is tough as numerous microscopic spicules of variable shape 
(Fig. 578) are Buried in its substance. In addition to the hardened 
tegumentary layer there are two layers of muscles and a thin layer of 
peritoneum or coelomic epithelium of the muscle layers, the outer 
one is complete continuous layer of circular muscles, whereas, the inner 
layer consists of five flattened bands which run longitudinally from 
the oral to the aboral end, each lying below the ambulacral area. 


Water Vascular System. The madreporite is inside the coelom. 
T here may be one or txvo large Polian vesicles attached to the ring 
canal (hence they are not radially arranged). Otherwise the water 
vascular system is like that of other echinodcrms including a circular 
ambulacral vessel that gives rise to five radial vessels that give off 
branches to the tentacles and are connected to the tube-feet. S 

Nervous System. A nerve ring, surrounding the mouth, forms 
the mam nervous centre from which arise five radial nerves. Sea- 
cucumbers respond quickly and vigorously to stimulation 

,0 a decrease in .he light intensity' and will 7 C o“tn£, h ™ LaIHT 

light is obstructed by some objett. They are also negativeW photo' 
tropic, since they move away from light. 8 y photo * 

. ™ zs isrisr«s w 


well developed!* TKe'SemTl^sKm^^rsU P 0 fdv""'' 
situated close to the nerve ring and fmm X • r ng V“ ke stra nd 

dorsal and ventral strands accompanying the enteric cf7l VC ? Scls » 

surrounds the left circulatory tree. 7 8 1 and a plexus 

Coelom. The coelom is spacious filled „ a j • 
float numerous corpuscles. The corpuscle are 1?*° which 

amoeboid, colourless corpuscles the am^K / t T. < ? t 7P cs —simple 

round 
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the peristome at the base of which is the mouth. In the contracted 
state the peristome and the tentacles are withdrawn into and enclosed 
within the buccal chamber into which the mouth opens. The buccal 
chamber is followed by the oesophagus which is surrounded by a 
calcareous ring made up of ten circumoesophageal ossicles of which 
five are ambulacral in position and five inter-ambulacra . The oeso¬ 
phagus leads into a muscular stomach (not dearly marked oit) \yhicn 

narrows into a very long convoluted intestine (Fig. 577). This ex- 



Fig. 578. Cilcjreoui bo lie; from the integument of 6) ™*hMU 
ininuie in si/e anJ definite in shape having the form of anchors (3 ), 

(A-E) ; rods (1) perforated plates (tt-9) ; stools, etc. 

panels into a short muscular cloaca which opens at the P°*“ r ‘ or i"i 
Two long, branched ,-respiratory trees ' open into the cloaca-_ 
of these begins behind in a tubular stem, becomes clabora e y brAnched 
in front, some of the branches reaching nearly to the anterior endlof 
the body cavity. Each terminal branch is enlarged intoa> «"P“ a. .h 
function of these may be respiratory and excretory, but they are pro 
ably also hydrostatic regulators of the internal pressure The oou 

consists of very small animals and plants, in mud and sand, conveye 

to the mouth by the tentacles. 

Reproduction and Development. The sexes arc usually sepa- 

not dcvclo°piS simultaneously)- 5 O varies and 

developmental stages are similar to those of o ^ j$ known aS 

p s "“ • h “" c °" mo ° 

others. 
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F *g- 579. Auricularia larva (from 
Sedgwick after J. Muller). I, 
frontal area ; 2, proeral process ; 3, 
J 4 - Posterior portion of 
ciliated band ; 5, postoral process ; 

rr« n *R afCa : 7 * P°« er o- Ia, eral pro¬ 
cess ; o, postero dorsal process; 9, 

Li ep, .“> on i '?• dorsomedian 
process ; II, antero-dorsal process. 
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Regeneration. Holothurians possess a remarkable power of 
regeneration. On irritation Sjnap/a, for _ 

instance, performs . violent contrac¬ 
tions of the body and fragments the 
body into two or more pieces (self- 
mutilation), of which the anterior part 
soon regenerates its lost parts. This 
is a protective device. In some froms 
a portion or whole of the intestine is 
pushed out, the respiratory trees are 
the first to go, and in some the lower 
branches of these are covered with a 
substance which swells up in sea¬ 
water forming -tough white threads, 
the Cuvierian organs, in which the 
enemies arc entangled. Enemies of 
the size of lobsters are rendered help, 
less by this technique. By all this the 
inconvenience caused to the holoth- 
wrian is only a temporary one, as, soon 
the lost or injured part is regenerated. 

Economic Importance. Dried hnlnthuri*.** * , r 

many places. Among South Pacific islands and nn k rC USCd * s ^ ooc * at 
land in Southern China these arc called “bcche dc me^n* */Q uccn ,^ 
The trade of the dried holothuriars^ forms a ,nnd K °- r Crc P a <- 
into thousands of dollars annually. * ^ business running 

CLASS CRINOIDEA 

Definition. Brachiatc Echinodermata which „ 
during the whole or part of their lives by the ahnrsd rCma * n at f ac bed 
the arms are usually branched and provided wi?i n? P ,° f th ? bod J ; 
ftet are lentacle-like, without ampullae and ^hew.,?? 11 ** 1 ! he , tubc - 
multiple. The oral surface carries interradially placed anu^' " ^ 

(orm) G : (Gr - *^%*-*. 

and of radial prolongations of the disc 8 Cl ^ or dlsc 

jointed often branched, also known ks hr" ^ Thc »"»* are five 
central disc (theca) and bear pinnules or m^Vi° W 0Ut from a 
that alternate on the two sides ofthrTr mod, , ficd ar m branches, 
crowded. The arms arise from a corn-TtH? j* nd are often closely 
plates or radials below which there if a ^ nu ? ber of thecal 
with mtra-basals alternating with then? n f* ° f basals often 
infrabasals there is usualiy a jointed stem , i. Bc , the basals or 
I'V Jhc feather-stais or .-cvSifofrom Ik 
in being fixed permanently or temDoraril/k ^ Echinoderms 

poraruy by a jointed stalk. The 
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Fig. 580. Anltdon bifida, feather star. A, oral view (after Cherbonmer); B entire 
(after Mortensen). I, pinnule ; 2, mouth ; 3, oral pinnule ; 4, arms ; 5, saccule ; • 
anal tube ; 8, epincural plate ; 9, water pores; 10, cirri for attachment. 

modern rosy feather-star ( Coma'ula or Antedon rosacea) leave their 
stalk at a certain stage in life ; but the other crinoids,e.£. Pentacrmus 
arc permanently stalked like almost ali the extinct stone-lilies or 
encrinites once so abundant. Most of them live in deep water and 
many in the great abysses. An anchorage is found on rocks and 
stones, or in the soft-mud, and great numbers grow together The free 
comatulids swim gracefully by bending and straightening their arms, 
and they have grappling cirri on the aboral side where the relinquished 
stalk was attached. By these cirri they moor themselves temporarily. 
Small organisms—diatoms, protozoa, minute crustaceans arc wafted 
clown ciliated grooves on the arms to the central mouth, which is ot 
course on the unturned surface. Some members of the class, e. g. 
Cowatu'a arc infested by minute parasitic “worms” (Myzostomata) 
allied to ’chactopo Is, which forms galls on the arms. A lost arm can 
be replaced, and even the visceral mass be regenerated completely 
within a few weeks after it has been lost. It has been suggested that 

occasional expulsion of the visceral sac frees the crmoid from parasites 

(Dcndy). 

TYPE FEATHER-STAR 


Form of J 3 ody. The animal consists of (i) a cup or calyax, (2) 
an oral disc forming the lid of this cup, (5) the radiating arms, and 
(4) the stalk supporting the whole. The lowest part ot the cup is 
supported bv a pentagonal centro dorsal ossicle bearing the cirri ; this 
conceals the coalesced basals of the larva ; above this arc three tiers 
of radials, whence spring the brachials of the arms. The oral disc, 
turned upwards, is supported by plates. The anus is also situated here. 
The arms usually branch in dichotomous fashion, and thus ten, twenty 
or more mav arise from the original five. But the growing point con¬ 
tinues to fork dichotomously. like the leaf of many ferns and as each 
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alternate fork remains short, a double series of lateral pinnules 
results. The arms arc supported by calcareous plates. The stalk 
usually consists of numerous joints, especially in extinct forms, in some 
of which it measures over fifty feet in length- Except in Holopus , 
Hjocrin/is and in the stalked stage of Antccion the stalk bears lateral 
cirri. 



Fi{. 581, Diagrammatic vertical section through the disc of Anledon rosacea 
(after Milnes Marshall). The section is inter radial on the left, radial on the right. 
1, ciliated openings in the body wall ; 2, water vascular canal ; 3 tentacle ; 4, mouth; 
5, intestine ; 6, central plexus with "chambeted organ" at its base ; 7, coelom ; 8, 
radial plates; 9, brachial plates;,-10, muscles j 11, axial nerve cord ; 12, central cap¬ 
sule ; 13. cirri ; 14, centro-donal plate. 

The nervous system consists (a) of a circum-oral ring with 
ambulacral nerves, and ( b ) of axial coclomic nerves upon the ossi¬ 
cles on the opposite side of each arm and connected with a peculiar 
chambered organ in the interior of the ccntro-dorsal plate. Apart 
from the superficial epithelium there arc no sensory structures. 

The digestive organs comprise the ciliated alimentary canal 
descending from the mouth into the cup, and curving up again to the 
anus, which is on a papilla. The last part of the gut is expanded to form 
an anal tube, which during life is in constant movement, and has appa¬ 
rently a respiratory function. From the cup, where the body cavity is in 
great part filled with connective tissue and organs, four coelomic 
canals extend into each of the arms. They communicate at the apices 
of the arms and pinnules, and currents pass up through one and down 
the other. 

The blood-vascular system consists of a circumoral ring, 
which is connected with a radial vessel under each ambulacral nerve, 
and with a circum-oesophageal plexus. 

The water-vascular system consists as usual of a circumoral 
ring and radial vessels, but in several respects it shows remarkable 
modification. The madreporite of other forms is represented by five 
pores which open from the surface of the calyx directly into the body 
cavity, and which may be very numerous ; there are said to be ijoo in 
Antedon rosacea. By these pores the water enters the body cavity and 


728 


A TEXT BOOK OF INVERTEBRATE ZOOLOGY 


from it enters the numerous stone canals which hang from the nog 
freely in the body cavity, and open into it near the pore canals. There 
ate no Polian vesicles or ampullae, the tube-feet are small, are 
arranged ingroups of three, and are connected by delicate canals wi h 
the radial vessels. Certain of them form tentacles around the mouth 
and these are supplied by canals coming off directly from the ring can . 

Reproduction. The sexes are separate. The reproductive organs 
extend as tubular strands from the disc along the ^msbutarerarey 
functional except in the pinnules, from each of which the elemen 
burst out by one duct in females, by one or two fine canals in males. 

The oval ciliated larva of Anlidon, the only one known, is less 
peculiar than that of other Echinodcrms. 

There are about 400 living species in twelve genera, but about 
1500 species in 200 genera arc known 
from the rocks. The class is obviously 
dccident. It is represented in the Cam- 
bri in, and attained its maximum develop¬ 
ment in Silurian, Devonian, and Carboni¬ 
ferous times. The recent forms include 
the stalked Pentacrir.us , Rbi^ocrinns, etc., 
and the free comitulids, which pass through 
a sulked pentacrinus stage (Fig. 582), e.g. 

Ant don. 

Artificial Fertilization. Eggs and 
sperms of mature starfishes and sca-urch'ns 
are quite easily obtained, as such they have 

been widely used by cinbryoJogisM > fot Fig 582 PcnUC rin^ 
experimentation. One ot the most inter- of A % tdon (aUer Dawydoll). 1. 
cstine phenomena is the development ot 2. plates oi cab* I 

larva from an unfertile egg when c,m; 4 peduncle or stalk , 5. 

SinCC • crimnli such as certain acids or concentrated seawater 
to various it artificial fertilization. Lccb reared normal larvae 

preferred ' echinodcrms by immersing them in solutions 

T sodium chloride, potassium bromide, cane-sugar, etc He 
SUCh UrrA the increased osmotic pressure the cause of development, 
eonstdered «h 1 ha| jn otd i„ary fertilization the spermatozoon 

?" d s°, UR so u«io P n with a high osmotie pressure into the egg, thereby 
brings a s , y water. Sea water concentrated to 7 ° 0 

causing «»* result Change of temperature, mechanical 

its volume has am ‘ r< ; sul , s . £ hc larvae that develop in these 

agitation, etc., have Sim centrifuging of unfertilized eggs 

WayS * them't^becomThe'l I - shaped*and*ultimately break into ,wo The 
“gh«Vtalve“ Snmin the maternal nuclei; the heavier non-nucleated 
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halves can be collected and fertilized by adding sperms to the dish. 
Such methods make it possible to isolate maternal and paternal charac¬ 
teristics. In the first the larva is normal without paternal characteristic 
and in the second it is without maternal characteristic. The cchido- 
derm eggs, because of the cease with which they can be handled, have 
led to many important experiments on heredity and other similar 
topics. 

Phylogeny. The phylogenetic relationship of the Echinodcrmata 
are rather complicated. Formerly they were placed with the coclente- 
utes, because of their radial symmetry, in a group called Radiata. But 
the echinoderms present unique structural features such as the water- 
vascular system, calcareous cndoskelcton and the pediccllariae, etc,, 
which isolate these widely from other invertebrates and give them an 
independent position. As a matter 01 fact they are quite ancient group 
differentiated from the Cambrian time. 

Some biologists are of the opinion that the echinodeims have 
undergone retrogression from some type of more advanced and active 
ancestor. This idea is further supported by the fact that the larvae 
of echinoderms arc free-living bilaterally symmetrical individuals 
that metamorphose into radial adults as they secondarily take to 
sessile life. 

The echinoderm coelom is enterocoelic in nature. This places 
them in line with Chaetognatha, Chordata (and probably Phoronidea). 
But it is difficult to say whether this is a point of affinity. Mac-Bride 
and others believe that in the primitive disposition of their ccelomic 
sacs they present a certain resemblance to Chordata. These features 
include: (1) a mesodermal cndoskelcton (not external or ectodermal as 
in other invertebrates) ; (a) the retention of embryonic blastopore 
as the anus in the adults which in annelids and molluscs forms the 
mouth ; (3) the formation of mouth from stomodaeal inpushing that 
meets the endodcrmal archentcron ; (4) the appearing ol mesoderm 
fromoutpocketings of the primitive gut ; (5) the central ncivous sys¬ 
tem, never becomes separated by mesodermal tissue from the tract of 

ectoderm from which it originates ; (6) special resemblance of the 
bipinnana larva to the tornaria larva of Entcropncusta. All these points 
are concerned with fundamental and not superficial traits. These points 
of similarity suggest that the chordatcs and echinoderms may have had 
the same or similar ancestors. 

CLASSIFICATION 

The Echinodermata are exclusively marine triploblastic codomate 
animals in which the larvae are bilaterally symmetrical but the adults 
show radial symmetry. The body wall contains calcareous platis and 
the skin is covered with spines. The coelom is divided into several 
well-marked compartments carrying out different functions in life. One 
portion of the embryonic coelom forms the perivisceral coelom; a second 
forms the water vascular system and is connected with the exterior 
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through the madreporite; a third part of the coelom forms the peri- 
hacmal system, while the cavities from whose wall the gonads are deve¬ 
loped are also coclomic. There is no definite excretory system or 
blood vascular system. The nervous system is relatively simple and 
less developed. The larvae aic pelagic and swim by means of ciliated 
bands. 



Sub phylum : Elcuthcrozoa. 


Echinodcrmata in which the body is free, devoid of stalk, and is 
usually placed with the oral surface downwards or in the direction of 
forwaid locomo ion. The anus is typically aboral, when present. The 
aboral surface of the arms carries radial ambulacral grooves and a double 
scries of tubular appendages, the tube-feet or podia, employed for loco¬ 
motion usually. 

Class : A6tcroidca. Elcuthcrozoa with star-shaped body with a 
five-rayed symmetry clearly indicated by the arms which radiate out 
from the central portion of the body. The arms are not distinctly 
marked off from the disc. The arms arc hollow and enclose the pro¬ 
longation of the coelom. The oral or aboral surfaces arc distinct. The 
larva is cither a bipinnaria or a brachiolaria. This class is divided into 
two orders. 

Order 1. Phancrozonia. The Astcroidca with large marginal 
plates round the margin of arms and disc, in which the papulae are res¬ 
tricted to aboral surface only. Pcdccllariae when present, arc sessile. 
Examples of this order include Pentaceros t As tr*pec ten, Asterina , etc. 

Order 2. Cryptozonia. The Astcroidca with inconspicuous 
marginal plates, and in w-hich the papulae arc not restricted to aboral 
surface only and the pediccllariac may be stalked or sessile. Sotaster , 
A stains and brisitiga (deep-sea asteroid) are examples. 

Class : Ophiuroidea. Elcu'dierozoa in which the arms arc sharp- 
lv marked off from the disc as appendages. The living forms do not 
show the ambulacral grooves. Mouth and the madreporite are situated 
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on the same side, and the anus is absent. The 

spacious prolongation of the coelom. The larva is called ophioplutcus 
or simply pluteus. Four orders form this class. 

Order x. Lysopbiurae. Extinct Ophiuroidea in which the 
ambulacral ossicles arc alternate and arc not united into pairs. The 
forms were found in Silurian and Devonian. 

Order 2. Streptophiurae. The Ophiuroidea in which the am¬ 
bulacral ossicles articulate with one another by ball and socket joints and 
the arms can be moved in a vertical direction. Ncoplax, Opbiattrcsis , 
etc. arc examples. 

Order 3. Cladophiurae, the Gorgon heads. The Ophiuroidea 
in which the ambulacral ossicles articulate with each other by means of 
hour glass shaped surfaces and arc covered with granular deposits in 
the thick integument. The arms may be branched. Examples: Eurya/e, 
As trophy Ion (Fig. 5 84), Astrophiura , etc. 

Order 4. Zygophiurac. The Ophiuroidea in which the ambu¬ 
lacral ossicles of the arms articulate with one another, arc provided 
with processes and pits which fit into one another, and restrict the 
movement of the ossicles upon one another. Examples : Amphora , 
Ophioglypha , Ophiodtrma , etc. 

Class : Echinoidea. Eleuthcrozoa in which the body is heart- 
shaped or disc-shaped enclosed in a shell composed of calcareous plates, 
usually closely fitting, and movable spines. The mouth is polar, the 
anus being at the apposite pole. Amoulacral 
grooves are wanting bu» the surface is divided 
into ambulacral and intcr-ambulacral zones by 
finely ciliated lines; typically five inter-radial 
gonads arc present. The larva is pluteus. The 
class is divided into 3 orders. 

Order x. Rcgularia. The Echinoidea 
with globular corona made up of twenty meri¬ 
dional rows of plates in many cases. Mouth 
and anus polar. Aristotle’s lantern present. 

Examples : Echinus ; Arbacia ; Aslhenosoma, 
etc. 

Order 2. Clypeastridca. The Echinoidea 
i.i which the corona is more or less flattened; 
mouth central, anus eccentric ; “lantern” pre¬ 
sent. Example : Cljptaskr (cake-urchin, Fig. 

18$). 

Order 3. Spatangoidea. The Echinoidea 
in which both the openings of the alimentary 
tube are eccentric. Aristotle’s lantern is Fig. 585 . A holoihurian. 
absent. This order includes heart-urchins such as Erbimeardium, 
Spatanptss ; Hemipneustes , etc. 
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Class Holothuroidea. Elcutherozoa in which the body is 
elongated, worm-like (cylindrical) or five-sided. 'I he mouth and anus 
are at the opposite extremities of the body. The body wall possesses 

scattered and isolated calcareous bodies 
or many contractile tentacles surround- 
^ ing the mouth,and the water, vascular 

t pore (madrcporitc) is usually absent 

JS in the adult. The larva is an auricu- 

ffiWk |f k r ‘ a< 

Order i. Aspidochirotae. The 
Holothuroidea in which the tube¬ 
rs/ feet arc present, tentacle ampullae 

‘ arc distinct, tentacles arc shield- 

Xv \SfippS shaped, without retractor muscles. 

Madrcporitc internal, respiratory tree 
present. Example : Holofburin. 

Order 2. Elasipoda. The Holo- 
thuroidca in which the body is flat 
VgSfi ventrally, tube-feet present, tantaclc 

^ ampullae arc lacking and respiratory 

4 j|> tree is wanting. Madrcporitc may be 

m internal or external. Dtima and other 

\\ deep-sea forms arc examples. 

V P Order 3. Pclagothurida. Pelagic 

/'C A Holothuroidea without tube-feet and 

) with large tentacle ampullae. Pelago- 

' /burin is an example. 

Order 4. Dcndrochirotae. The 
Holothuroidea in which tube-feet, 
'£0 retractor muscles and respiratory trees 

arc present. Tentacle arborescent, 
tentacle ampullae absent, madrcporitc 
35 $?^ internal. Example : Cucumaria (Fig. 

585), Co!ccbir*s t P solus, etc. 

Order 5 Molpadida. Burrowing 
I lolothuroidea without tube-feet, with 
respiratory trees and tentacle ampullae 
and tentacles unbranched. Madrcpo- 

„ w u liu rite internal. Examples: MolpaJia , 

Fie. 586 . Metatrmus. Thestalkei 
Crinoidea in which the stalk consists C.audina, etc. 

of elongated ossicles connecieJ toge Order 5. Svnaptida. Burrowing 

ther. The stalk attaches the animal Ho i othuro idca 'without tube-feet, 

w ,.hout nw 

cirri. without respiratory trees, wntacies 

pinnate without vestigial ampullae, retractor muscles present. Madre- 
poritc internal. Example : $ inapt a, Khabdomolgus , etc. 




Fig. 586. Melacrinus. Thestalkei 
Crinoidea in which the stalk con.isti 
of elongated ossicles connecieJ toge¬ 
ther. The stalk attaches the animal 
10 the sea-bottom Along some of the 
stalk are many jointed, slender 
cirri. 


PHYLUM ECHINODERMATA 
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Subphylum: Pclmatozoa. 

* Echinodcrmata which arc usually attached at the base either 

smporarily or permanently. The viscera is closed in a calcified and 
>latcd theca, of which the oral surface is the uppermost. From the 
nouth extends a system of radially arranged narrow ciliated grooves. 

J "hey act as food grooves. The circumoesophageal water ring is 
lirectly connected with the exterior. The tube-feet arc replaced by 
mall tubular, strongly ciliated tentacles which are without suckers. 
The anus is usually in the upper or oral half of the theca, never 
boral. 


Class; Crinoidca. Pclmatozoa in which the theca gives off five, 
f jsually branched arms. The oral surface is directed upwards. The 
stalk springs from the aboral apex. Suckcrlcss tube-feet and an open 
' . imbulacral groove. No spines, no pcdiccllariae. This class includes 
:hc only living Pclmatozoa. 

♦ Order i. Monocyclica. The Crinoidca in which the base of the 

• theca consists of only the basals. Example : Hjbocrim/s , Uoplocrinus , 
etc. 


A 


Order 2. Dicyclica. The Crinoidca in which the base of the 
theca is made up of basals and infra-basils. Examples : Mttacrinns 
(Fig. 5 86), Antedon (Fig. 580 B), Cowa/ula, etc. 

Class : Cystoidca. Pclmatozoa in which radial polymeric sym- 
.^metry of the theca is either not at all developed or is irregular, not in 
' complete correlation with the radial symmetry of the ambulacra. The 
food grooves are cxothccal (run along the processes from the theca), 
cpithccal (run over the theca) ; or arc both ; but neither run between 
the plates of the theca (endothccal) nor are pierced by podia. 

Includes extinct forms of lower Silurian to Carboniferous. 


Class : BlastoigjM. -Pclmatozoa in which the stalk is well deve¬ 
loped and the thcc^B^ regular system of plates. There are five 
(rarely four) food grooves. The anus is eccentrically situated on the 
oral surface. 


Includes extinct forms from the upper Silurian to Carboniferous. 
. .. C,ass . r : . Edriasteroidca. Pclmatozoa in which the stalk is 
lacking or if it is at all developed it is very short. The theca is made 
up ofan indefinite number of irregular plates, devoid of any appen¬ 
dages. The mouth is central with five food grooves bordered by co¬ 
vering plates. Anus and madreporite on oral surface. 

Includes extinct forms from the Cambrian to Carboniferous. 


REVIEW QUESTIONS 
1. Enumerate the diagnostic features of Echinodermata. 

< TXL. D ~ rib * ** — vascular , 

3. Describe the development of the starfish. 

I • *■ DUam 'be phylogenetic relationship of Echinoietma 


cr vascul 

< 



